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ENVIRONMENTAL  PROTECTION 
AGENCY 

40  CFR  Part  136 
[FRL  1323-D] 

Guidelines  Establishing  Test 
Procedures  for  the  Analysis  of 
Pollutants 

agency:  Environmental  Protection 
Agency  (EPA). 

ACTION:  Proposed  regulation. 

summary:  EPA  proposes  to  amend  its 
list  of  approved  analytical  techniques  by 
adding  test  procedures  for  113  organic 
toxic  pollutants,  an  additional  test 
procedure  for  inorganic  toxic  pollutants, 
a  procedure  for  carbonaceous  BODs,  and 
requirements  for  sample  preservation 
and  holding  times.  The  use  of  these 
procedures  would  be  required  for  filing 
applications  for  National  Pollutant 
Discharge  Elimination  System  (NPDES) 
permits,  for  State  certifications,  and  for 
compliance  monitoring  under  the  Clean 
Water  Act.  After  considering  comments 
received  in  response  to  this  proposal, 
EPA  will  promulgate  a  final  rule. 

DATES:  Comments  on  this  proposal  must 
be  submitted  on  or  before  February  1, 
1980. 

ADDRESS:  Send  comments  to  Dr.  Robert 
B.  Medz,  Monitoring  Technology 
Division,  Office  of  Research  and 
Development,  Environmental  Protection 
Agency  (RD-680),  401  M  Street,  S.W., 
Washington,  D.C.  20460. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dr.  Robert  B.  Medz  at  the  address  listed 
above  or  call  (202)  426-4727. 
SUPPLEMENTARY  INFORMATION: 

I.  Authority  and  Background 

This  regulation  is  proposed  under 
authority  of  sections  304(h)  and  501(a)  of 
the  Clean  Water  Act,  33  U.S.C.  1251  et 
seq  (the  Federal  Water  Pollution  Control 
Act  Amendments  of  1972  as  amended  by 
the  Clean  Water  Act  of  1977)  (the 
“Act").  Section  304(h)  of  the  Act 
requires  the  Administrator  of  the  EPA  to 
“promulgate  guidelines  establishing  test 
procedures  for  the  analysis  of  pollutants 
that  shall  include  the  factors  which  must 
be  provided  in  any  certification 
pursuant  to  section  401  of  this  Act  or 
permit  application  pursuant  to  section 
402  of  this  Act.”  Section  501(a)  of  the 
Act  authorizes  the  Administrator  to 
“prescribe  such  regulations  as  are 
necessary  to  carry  out  his  functions 
under  this  Act.” 

EPA  promulgated  “Guidelines 
Establishing  Test  Procedures  for  the 
Analysis  of  Pollutants”  in  40  CFR  Part 


136  on  October  16, 1973  (38  FR  28758). 
These  guidelines,  which  were  amended 
on  December  1, 1976  (41  FR  52780), 
provided  test  procedures  for  115  well 
known  pollutants  and  pollutant 
parameters,  including  metals  and  a 
number  of  organic  compounds.  The 
guidelines  also  provided 
“recommendations”  for  sample 
preservation  techniques  and  holding 
times.  Only  when  these  preservation 
techniques  and  holding  times  were 
stipulated  in  the  analytical  methods 
description  were  they  regarded  to  be 
mandatory. 

Since  publication  of  those  guidelines, 
EPA  entered  into  a  Settlement 
Agreement  requiring  it  to  study,  if 
necessary,  regulate  65  “priority” 
pollutants  and  classes  of  pollutants. 

(See  Natural  Resources  Defense 
Council,  Inc.,  et  al  v  Train,  8  ERC  2120 
(D.D.C.  1976),  modified  12  ERC  1833 
(D.D.C.  1979)).  In  December  1977, 
Congress  passed  the  Clean  Water  Act  of 
1977,  emphasizing  the  control  of  toxic 
pollutants  and  declaring  the  65 
“priority”  pollutants  and  classes  of 
pollutants  to  be  “toxic”  under  section 
307(a)  of  the  Act. 

The  list  of  65  toxic  pollutants  and 
classes  of  pollutants  potentially 
included  thousands  of  substances,  many 
of  which  were  relatively  unknown 
outside  the  scientific  community; 
moreover,  because  only  on  rare 
occasions  had  industry  monitored  for  or 
had  EPA  regulated  these  pollutants, 
section  304(h)  analytical  methods  were 
not  available  in  many  cases.  In  order  to 
implement  the  Act,  therefore,  EPA  first 
streamlined  its  regulatory  task  by 
defining  129  specific  toxic  pollutants  for 
initial  consideration.  Next,  the  Agency 
embarked  on  an  intensive  literature 
search  and  laboratory  program  to 
develop  section  304(h)  methods  for  these 
129  toxic  pollutants. 

This  proposed  amendment  to  40  CFR 
Part  136  will  provide  analytical  methods 
for  113  organic  toxic  pollutants.  For  each 
of  these  pollutants,  two  acceptable 
methods  are  proposed:  (1)  Either  gas 
chromatography  (GC)  with  selected 
detectors,  or  high  performance  liquid 
chromatography  (HPLC),  depending  on 
the  particular  pollutant;  and  (2)  GC 
coupled  with  mass  spectrometry  (GC/ 
MS).  This  proposed  amendment  also 
provides  another  option  for  analysis  of 
inorganic  toxic  pollutants  by  inductively 
coupled  plasma  optical  emission 
spectoscopy  (ICP),  which  may  be  less 
time-consuming  and  costly  than  existing 
section  304(h)  methods  for  inorganics. 
Additionally,  this  proposal  provides 
sample  preservation  and  maximum 
holding  times  for  a  large  number  of 


pollutants  covered  by  these  proposed  or 
existing  section  304(h)  methods.  Finally, 
a  method  for  analysis  of  carbonaceous 
BODs  is  included  in  this  proposal. 

The  use  of  these  testing  procedures 
would  be  mandatory  whenever  the 
measurement  of  waste  constituents  is 
required  under  the  Clean  Water  Act.  For 
example,  on  June  14, 1979,  EPA 
published  a  Draft  Consolidated  Permit 
Application  Form  and  Proposed  NPDES 
Regulations,  which  would  require  that 
certain  applicants  for  NPDES  permits 
analyze  their  discharges  for  the  129 
specific  toxic  pollutants  (See  44  FR 
34346).  The  use  of  these  procedures  also 
would  be  required  for  section  401  State 
certifications  under  40  CFR  Part  121  and 
for  NPDES  compliance  monitoring  under 
40  CFR  Part  122  (See  44  FR  32854,  June  7, 
1979).  Additionally,  in  accordance  with 
40  CFR  401.13,  these  testing  procedures 
would  apply  to  expression  of  pollutant 
amounts  in  effluent  limitations 
guidelines,  standards  of  performance, 
and  pretreatment  standards  (including 
any  monitoring  requirements  contained 
therein)  under  40  CFR  Part  402  et  seq., 
“unless  otherwise  specifically  noted  or 
defined  in  said  parts.” 

II.  Summary  of  Proposed  Methods 

A.  GC  and  HPLC  Methods 

A  series  of  12  new  test  procedures  are 
being  proposed  that  employ 
conventional  GC  or  liquid 
chromatographic  techniques  for  the 
quantitative  measurement  of  specific 
organic  materials.  Although  these 
methods  can  sometimes  be  used  for 
qualitative  identification  of  unknown 
materials  in  a  sample,  they  are  best  used 
for  the  measurement  of  materials  that 
are  already  known  to  be  present  in  the 
sample.  The  low  cost  of  the 
conventional  detectors  relative  to  MS 
makes  this  approach  particularly 
attractive  for  routine  monitoring  of 
expected  concentration  levels  of 
pollutants.  HPLC  has  developed 
considerably  in  the  past  few  years  and 
can  be  used  to  achieve  separations  and 
measurements  that  cannot  be  performed 
with  state-of-the-art  GC. 

These  12  methods  numbered  601  to 
612  were  developed  through  in-house 
and  contracted  research  through  EPA’s 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati  (EMSL-Cin).  The 
114  organic  compounds  for  which 
analytical  procedures  were  needed  were 
divided  into  12  categories  based  on  their 
chemical  structure  in  the  expectation 
that  members  of  each  class  might  be 
analyzed  by  a  single  procedure  or 
perhaps  with  minor  variations  on  a 
single  basic  procedure.  Separate 
requests  for  proposals  were  issued  for 
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each  class  and,  after  competitive 
bidding,  contracts  were  awarded  to  a 
total  of  five  laboratories.  Each  research 
effort  concentrated  on  the  development 
of  a  test  procedure  with  good  sensitivity 
and  reliability  with  full  consideration  of 
economic  factors  including:  (1) 
Availability  of  instrumentation  required; 
(2)  availability  of  trained  personnel 
capable  of  performing  the  analyses;  (3) 
commercial  availability,  cost  and 
reliability  of  additional  peripheral 
equipment  such  as  specific  detectors 
and  new  types  of  column  packings.  The 
12  methods  that  resulted  from  this  effort 
represent  state-of-the-art  analytical 
technology. 

Methods  601  and  603  are  for  the 
measurement  of  solvents  and  other 
volatile  materials  using  variations  of  the 
Bellar  purge  and  trap  technique. 
Semispecific  detectors  are  used  to 
minimize  background  interferences. 
Seven  of  the  methods  involve  solvent 
extraction  techniques  followed  by 
conventional  GC  measurements. 

Cleanup  procedures  are  included  with 
these  methods  to  overcome 
interferences.  Method  605  for 
benzidines,  and  Method  610  for 
polynuclear  aromatic  hydrocarbons 
(PAH),  rely  on  HPLC  techniques  for 
separation  and  measurement,  although 
GC  is  acceptable  for  use  in  the 
measurement  of  most  of  the  PAH 
materials. 

Each  method  has  been  evaluated  by 
the  contractor  for  applicability  to  a 
variety  of  industrial  and  municipal 
effluents  and  each  has  provided 
acceptable  levels  of  sensitivity, 
accuracy,  and  precision.  The  Agency  is 
conducting  interlaboratory  accuracy  and 
precision  studies  for  these  12  methods 
and  will  make  the  results  available  as 
soon  as  these  studies  are  completed. 

A  copy  of  the  full  text  of  these 
methods  is  included  as  Appendix  I  to 
this  preamble  for  the  convenience  of  the 
public  who  desire  to  review  it  and  make 
comments. 

B.  GC/MS  Methods 

Three  new  test  procedures,  613,  624, 
and  625,  are  being  proposed  that  require 
a  mass  spectrometer  detector.  Although 
historically  used  as  a  qualitative  tool  by 
the  analytical  chemist,  the  development 
of  stable  electronics  and  advanced 
software  has  resulted  in  the  widespread 
use  of  the  GC/MS  system  to  quantitate 
pollutant  levels  in  environmental 
samples.  Although  the  capital 
investment  for  the  instrumentation  is 
relatively  high,  the  instrument  allows  for 
the  simultaneous  measurement  of  large 
numbers  of  materials.  In  addition,  the 
detector  can  be  used  to  overcome 
interferences  that  would  mask 
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compound  responses  obtained  with  less 
specific  GC  detectors.  Because  of  these 
potential  economic  advantages  to  the 
user,  EPA  has  decided  to  propose  both 
GC/MS  and  non-MS  approaches  so  that 
the  user  may  select  the  most  cost- 
effective  one  to  suit  his  monitoring 
requirements. 

Method  613  for 

Tetrachlorodibenzodioxin  (TCDD)  was 
developed  through  one  of  the  series  of 
EPA  contracts  discussed  above.  It 
involves  the  use  GC/MS  to  measure  low 
quantities  of  TCDD  after  solvent 
extraction  and  extensive  cleanup  of  the 
extract. 

Methods  624  and  625  were  developed 
by  the  combined  efforts  of  the  EMSL-Cin 
and  of  the  Environmental  Research 
Laboratory  (ERL),  Athens,  Georgia. 
Methods  624  and  625  essentially 
represent  the  techniques  described  in 
Sampling  Procedures  for  Screening 
Industrial  Effluents  for  Priority 
Pollutants  (April  1977).  These  methods 
have  been  used  extensively  by  EPA’s 
Effluent  Guidelines  Division  (EGD), 
Regional  laboratories  and  contractors, 
and  by  many  private  laboratories. 

A  copy  of  the  full  text  of  these 
methods  is  included  as  Appendix  II  to 
this  preamble  for  the  convenience  of  the 
public  who  desire  to  review  it  and  make 
comments. 

The  Agency  is  reviewing  a  number  of 
approaches,  involving  the  analyses  of  a 
wide  variety  of  sample  types,  to 
determine  more  thoroughly  the  precision 
and  accuracy  of  these  techniques.  The 
Agency  is  considering,  also,  the  addition 
of  more  extensive  quality  assurance  and 
quality  control  proceedings  for  proposed 
methods  624  and  625.  The  approaches 
include  the  potential  use  of  internal 
standards,  surrogate  spikes,  and  labeled 
compounds.  Appendix  III  to  this 
preamble  provides  an  example  of  such 
an  additional  quality  assurance  program 
for  public  review  and  comment. 

C.  Elemental  Analysis 

The  Agency  is  proposing  an  ICP 
method  for  elemental  analysis  of  the 
toxic  metals.  This  technique,  which  is  an 
alternative  to  existing  304(h)  methods 
for  metals,  provides  a  simultaneous 
multi-element  determination  of  trace 
elements  in  solution.  Dissolved  elements 
are  determined  in  filtered  and  acidified 
samples.  Total  elements  are  determined 
after  appropriate  digestion  procedures 
are  performed.  The  basis  of  this 
instrumental  method  is  the  measurement 
of  atomic  emission  by  an  optical 
spectroscopic  technique. 

The  Agency  developed  the  proposed 
method  by  requesting  the  ICP  Users 
Group,  consisting  of  EPA  personnel  that 
presently  have  various  makes  and 
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models  of  satisfactory  instruments,  to 
provide  their  input  into  a  methods  write¬ 
up  to  be  prepared  by  the  staff  of  the 
EMSL-Cin.  The  resulting  method 
represents  the  current  state-of-the-art. 
The  EGD  also  has  made  extensive  use  of 
ICP  procedure.  It  has  already  been 
approved  for  use  in  the  NPDES  permits 
system  on  a  Regional  basis. 
Improvements  are  anticipated  as  time 
progresses.  Users  are  encouraged  to 
identify  problem  areas  and  assist  in 
updating  the  method. 

The  write-up  includes  a  list  of  the 
elements  for  which  the  method  applies 
along  with  recommended  wavelengths 
and  typical  estimated  instrumental 
detection  limits.  Because  of  the 
differences  between  satisfactory 
instruments,  no  detailed  instrumental 
operating  conditions  are  provided. 
Instead,  the  analyst  is  referred  to  the 
instructions  provided  by  the 
manufacturer  of  the  particular 
instrument.  Potential  matrix 
interferences  are  given  and  instructions 
for  appropriate  corrections  are  provided. 

EPA  is  planning  to  conduct  an 
interlaboratory  precision  and  accuracy 
study,  using  a  wide  variety  of  treated 
effluent  samples,  to  evaluate  potential 
matrix  interferences.  The  Agency  will 
make  these  studies  available  as  soon  as 
they  are  completed. 

A  copy  of  the  full  text  of  the  ICP 
procedure  is  included  as  Appendix  IV  to 
this  preamblefor  the  convenience  of  the 
public  who  desire  to  review  it  and  make 
comments. 

D.  BODi  Carbonaceous  Method 

This  method  of  carbonaceous  BOD 
has  been  provided  in  response  to  many 
requests  for  this  parameter.  It  measures 
the  carbonaceous  BOD  of  a  sample  with 
the  currently  approved  procedure  after 
first  adding  a  reagent  to  act  as  a 
nitrogen  oxygen  demand  suppressant.  A 
copy  of  the  full  text  of  the  BODs  method 
is  included  as  Appendix  V  to  the 
preamble  for  the  convenience  of  the 
public  who  desire  to  review  it  and  make 
comments. 

E.  Requirements  for  Sample  Containers. 
Preservation  Procedures  and  Holding 
Times 

Several  commentators  on  the  June  9, 
1975  Proposed  Amendments  to  the 
Guidelines  Establishing  Test  Procedures 
for  the  Analysis  of  Pollutants  (40  CFR 
Part  136)  requested  criteria  for  sample 
preservation  and  holding  times.  As  a 
result,  on  December  1, 1976,  the  Agency 
cited  the  recommendations  given  in 
“Methods  for  Chemical  Analysis  of 
Water  and  Wastes,"  U.S.  Environmental 
Protection  Agency,  Table  II,  pp.  VIII-XI, 
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1974,  as  applicable  to  the  NPDES 
samples. 

Since  December  1976,  there  have  been 
many  requests  for  clarification  as  to 
whether  the  preservation  procedures 
and  holding  times  were 
recommendations  or  requirements  for 
NPDES  monitoring.  Several  laboratories 
also  commented  that  the  holding  time 
recommendations  were  difficult  and 
very  expensive  to  follow  because  of  the 
short  time  interval  allowed  between 
sample  collection  and  analysis  for  many 
of  the  common  parameters. 

It  is  the  proposal  of  the  Agency  that 
the  sample  preservation  procedures  and 
holding  times  published  be  requirements 
and  not  just  recommendations. 

However,  the  guidance  given  in  the 
reference  cited  above  was  intended  for 
broad  application  to  all  environmental 
sample  types.  The  Agency  realizes  that 
it  might  be  less  applicable  to  require 
laboratories  to  use  preservation 
procedures  and  holding  times  for 
general  uses  which  extended  beyond 
NPDES  monitoring,  the  Drinking  Water 
Program,  for  example,  has  addressed 
this  problem  and  requires  procedures 
specifically  designed  for  drinking  water 
samples.  These  have  been  published  in 
the  “Manual  for  the  Interim  Certification 
of  Laboratories  Involved  in  Analyzing 
Public  Drinking  Water  Supplies — 
Criteria  and  Procedures,"  USEPA, 

Report  No.  EPA  600/8-78-008,  May  1978. 

Data  collected  by  the  Agency,  data  in 
the  scientific  literature,  and  data 
submitted  to  the  Agency  by  public  and 
private  laboratories  have  been  reviewed 
to  determine  the  state-of-the-art  as  it 
applies  specifically  to  the  preservation 
of  NPDES  samples.  The  criteria  used  in 
reviewing  the  data  and  selecting  sample 
preservation  procedures  and  maximum 
holding  times  were:  (1)  That  the 
procedures  would  retard  significant 
sample  degradation,  and  (2)  that  the 
procedures  would  minimize  monitoring 
costs  by  extending  the  holding  times 
when  possible. 

A  list  of  requirements  for  sample 
containers,  preservation  procedures  and 
maximum  holding  times  for  NPDES 
monitoring  is  proposed  in  §  136.3(d), 
Table  II.  Information  given  in  §  136.3(d), 
Table  II  supersedes  past 
recommendations  and  directions  given 
by  the  methods  listed  in  the  manuals 
and  references  cited  in  §  136.3(a),  Table 
I. 

The  preservation  procedures  listed  in 
Table  II  are  to  be  used  at  the  start  of 
sample  collection  in  the  field  and  not 
after  sample  compositing  is  completed 
or  when  the  samples  are  received  in  the 
laboratory  for  analysis.  Aliquots  of 
composite  samples,  which  would  require 
multiple  preservatives,  should  be 


preserved  only  by  maintaining  at  4°C 
until  compositing  and  sample  splitting 
are  completed. 

The  holding  times  listed  in  Table  II 
are  the  maximum  times  between  sample 
collection  and  analysis  that  are  allowed 
for  the  sample  to  be  considered  valid. 
When  possible,  all  laboratories  are 
encouraged  to  analyze  samples  as 
quickly  as  possible  after  collection.  The 
data  base  available  to  EPA  shows  that 
no  more  than  10%  sample  deterioration 
occurs  when  samples  are  preserved  as 
prescribed  in  Table  II  and  held  for  the 
maximum  holding  time. 

Some  effluent  samples  may  be  stable 
longer  than  the  maximum  holding  time 
for  a  given  parameter.  A  longer  holding 
time  may  be  used  as  long  as  the 
discharger  or  monitoring  laboratory  has 
data  on  file  showing  the  validity  of  the 
longer  time.  Also,  some  samples  may 
not  be  stable  for  the  maximum  time 
period  given  in  the  table.  A  discharger 
or  monitoring  laboratory  is  obligated  to 
hold  the  samples  for  a  shorter  time  if  ' 
knowledge  exists  to  show  this  is 
necessary  to  maintain  sample  stability. 

The  Agency  believes  that  the 
proposed  requirements  for  sample 
preservation  will  save  the  monitoring 
community  a  substantial  savings  over 
the  next  several  years.  The 
recommendations  for  sample 
preservation  cited  in  40  CFR  Part  136, 
December  1, 1976,  list  holding  times  of 
only  24  hours  for  many  common 
parameters.  Many  monitoring 
organizations  meet  these  short  holding 
times  by  locating  small  “field,” 
“Regional,"  or  "district"  laboratories 
close  to  the  points  of  sample  collection 
to  minimize  travel  time.  Other 
organizations  maintain  large  centralized 
laboratories,  ship  samples  by  express 
methods  and  work  overtime  to  meet  the 
short  holding  times.  Both  of  these 
approaches  are  very  expensive.  The 
proposed  extended  holding  times 
requirement  will  allow  organizations  to 
review  the  need  for  small  “field" 
laboratories,  and  institute  more 
economical  methods  of  sample  shipment 
and  analysis. 

III.  Cost  and  Economic  Impacts 

This  proposed  regulation  does  not 
require  monitoring  and  therefore,  does 
not  directly  impose  costs  on  the 
monitoring  community.  Use  of  the 
analytical  methods  proposed,  however, 
may  be  required  in  a  variety  of  EPA 
programs.  Because  the  costs  of  analyses 
may  constitute  a  significant  fraction  of 
the  cost  for  some  programs,  EPA  will 
adress  overall  economic  impacts  in 
program-specific  regulation  (e.g.. 
economic  discussions  concerning  the 
recently  published  Draft  Consolidated 


Permit  Application  Forms  and  Proposed 
NPDES  Regulations,  starting  at  44  FR 
34408,  June  14, 1979).  Nevertheless,  the 
Agency  is  interested  in  the  unit  cost  for 
various  analyses  since  they  may  be 
needed  to  assess  the  impact  of 
alternative  approaches  to  a  given 
program. 

A.  Carbonaceous  BODs 

No  significant  incremental  cost  is 
expected  for  the  Carbonaceous  BODs 
method  proposed  today  relative  to  the 
previously  promulgated  BOD*  method 
(which  measures  both  carbonaceous 
and  nitrogenous  oxygen  demand).  The 
main  difference  between  these  methods 
is  the  use  in  the  Carbonaceous  BODs 
test  of  an  additional  chemical  to  inhibit 
nitrogenous  oxygen  demand.  Previous 
estimates  of  the  cost  to  perform  a  BODs 
test  on  10-20  samples  ranged  from  $15- 
$30  per  sample. 

B.  Maximum  Holding  Times 

In  the  past,  maximum  sample  holding 
times  prior  to  completion  of  analysis 
were  not  standardized.  Small  “field,’ 
“regional,”  or  “district"  EPA,  State, 
commercial  and  industrial  laboratories 
needed  to  be  close  to  the  source  of 
samples  so  that  the  samples  could  be 
analyzed  quickly  after  collection.  This 
presented  an  obstacle  to  the 
management  trend  for  more  efficient  use 
of  equipment  and  personnel  by 
centralizing  laboratory  operations. 
Because  of  the  lack  of  standardization, 
incremental  costs  between  past 
practices  and  the  maximum  holding 
times  proposed  today  cannot  be 
accurately  estimated  by  the  EPA. 
However,  the  EPA  believes  that  the 
proposed  requirements  for  sample 
preservation  could  save  the  monitoring 
community  substantial  savings.  Short 
sample  holding  times  for  many 
parameters  which  resulted  in  increased 
operational  costs  would  be  removed  by 
approval  of  these  proposed 
requirements.  It  should  be  noted  that  the 
impact  on  on-site  plant  laboratories  will 
be  slight. 

C.  GC  and  HPLC  Methods 

EPA  has  obtained  preliminary  cost 
estimates  for  performance  of  serveral 
methods  proposed  today.  It  was 
assumed  that  properly  preserved  but 
unextracted  industrial  effluent  samples 
were  delivered  to  the  laboratory  and 
that  a  typical  lot  might  involve  40-50 
repetitions  of  a  given  analytical  method. 
The  highest  estimate  for  performance  of 
a  given  method  was  typically  3  to  4 
times  the  lowest.  Average  figures  are 
presented  in  the  following  table. 

A  cost  estimate  for  Method  613  which 
involves  use  of  GC/MS  is  included  in 
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this  table  due  to  the  specific  focus  of 
this  method  on  dioxin  (in  contrast  to  the 
broader  focus  of  Methods  624  and  625). 
Estimates  are  not  yet  available  for 
Methods  606  and  607.  The  Agency  is 
continuing  to  gather  data  on  all  methods 
to  better  characterize  these  costs. 


Method  No.  Method  name  1  Average 

601  Purgeable  Halocarbons .  130 

602  Purgeable  Aromatics ..........................  ISO 

603  Acrolein/ Acrylonitrile . . 110 

604  Phenols .  200 

605  Benzidines .  220 

606  Phthalate  Esters . . .  .  110 

607  Nttrosamines .  150 

606  Organochlorine  Pesticides  &  PCBs ..  110 

609  Nitroaromatics  and  Isophorone .  210 

610  Polynuclear  Aromatic  Hydrocarbons  310 

611  Haloethers. . 120 

612  Chlorinated  Hydrocarbons .  160 

613  2.3.7,8-Tetrachlorodibenzo-p-dioxin..  170 


■  Average  estimated  cost  (dollars  per  method,  per  sample). 

D.  GC/MS  Methods 

The  cost  of  analyzing  the  113  organic 
toxic  pollutants  by  the  GC/MS  Methods 
proposed  today  has  been  estimated  at  a 
range  of  $1,000  to  $2,000  for  quantitative 
analysis  depending  upon  the  amount  of 
quality  assurance  required.  The 
assumptions  and  basis  for  these  figures 
were  discussed  at  length  at  44  FR  34408, 
June  14, 1979. 

E.  1CP  Method 

The  agency  has  not  yet  completed  a 
survey  of  the  unit  cost  for  ICP  analysis 
for  metals,  but  much  of  the  interest  in 
this  method  stems  from  its  ability  to 
simultaneously  analyze  for  many 
metals.  Analysis  for  the  same  series  of 
metals  may  be  performed  (one  at  a  time) 
using  atomic  adsorption  (AA) 
spectroscopic  methods  promulgated 
earlier  (41  FR  52780,  December  1, 1976). 

Since  the  sensitivity  of  ICP  is 
generally  similar  to  AA  methods,  the 
recent  widespread  interest  in  ICP 
suggests  that  the  cost  per  pollutant 
analyzed  may  be  lower  with  ICP  than 
with  AA.  The  contract  cost  per  pollutant 
for  10-20  samples  using  AA  typically 
averages  $10. 

IV.  Future  Rulemaking 

The  following  areas  of  concern  are 
under  consideration  by  the  EPA  for 
amendment  of  the  proposed  section 
304(h)  regulation  in  the  near  future: 

A.  Methods  for  Measuring  the  Acute 
Toxicity  of  Effluents  to  Aquatic 
Organisms  (Biomonitoring) 

Biomonitoring  methods  are  intended 
for  use  in  determining  whether  a  waste 
water  stream  is  significantly  toxic. 

These  biomonitoring  methods  may 
become  required  measurements  in 
support  of  the  Consolidated  Permits 


Application  Regulation  which  was 
developed  by  the  Office  of  Enforcement. 

B.  Procedures  for  Determining  Detection 
Limits  in  Support  of  the  Proposed 
Consolidated  Permit  Application  Form 

In  the  proposed  consolidated 
regulation,  EPA  may  establish  pollutant 
limitations  based  upon  reported  levels 
in  the  waste  water  or  a  multiple  of  the 
detection  limit,  of  the  analytical  method 
if  the  pollutant  is  not  detected. 

C.  An  Analytical  Procedure  to  Measure 
Asbestos  in  Water 

The  Agency  has  already  developed  an 
interim  method  which  is  being  tested  for 
asbestos  by  environmental  analysis 
laboratories.  The  present  method 
defines  the  presence  of  both  chrysotile 
and  amphiboles,  but  chrysotile  is  more 
readily  identified.  Incoming  data  from 
the  laboratories  is  being  intercompared 
in  order  to  improve  definition  of 
asbestos  fibers  and  determine  the 
precisian,  accuracy,  and  percent 
reoovery  of  the  method  in  waste  water. 

D.  Updating  the  Reference  in  40  CFR 
Part  136 

Many  of  the  references  cited  in  40 
CFR  Part  136  have  been  superseded  by 
later  editions.  EPA  is  planning  to  amend 
the  regulation  to  include  the  following 
references: 

1.  “Methods  for  Chemical  Analysis  of 
Water  and  Wastes,  1979,''  U.S. 

Environmental  Protection  Agency,  EPA-600/ 
4-79/020. 

2.  “Annual  Book  of  Standards,  1979,” 
American  Society  for  Testing  Materials,  Part 
31,  Water. 

3.  “Methods  for  Analysis  of  Inorganic 
Substances  in  Water  and  Fluvial  Sediments." 
U.S.  Department  of  the  Interior,  U.S. 
Geological  Survey,  Open-File  Report  78-679 
unless  otherwise  stated. 

E.  Additional  Procedures  for  the 
Analysis  of  Organic  Pollutants  in 
Wastewater 

EPA  is  planning  to  propose  two 
additional  analytical  methods 
applicable  only  to  specific  organic 
chemicals  Standard  Industrial 
Classification  (SIC)  codes.  The  first 
method  consists  of  the  GC/MS 
procedures  proposed  today,  together 
with  the  addition  of  several  deuterated 
internal  standards  and/or  isotopically 
labeled  compounds.  The  second 
procedure  consists  of  variations  of  the 
GC  procedure  currently  being  proposed 
which  are  specific  to  the  wastewater 
matrix  found  in  a  specific  organic 
chemical  industry  (by  SIC  codes). 


F.  Development  of  an  EPA  Policy  on 
Mandated  Control  of  the  Usage  of 
Known  or  Suspected  Carcinogenic 
Reagents 

The  Agency  shall  consider  the 
development  of  a  policy  on  the  usage  of 
known  or  suspected  carcinogenic 
reagents  in  environmental  analysis.  A 
determination  shall  be  made  as  to 
whether  the  EPA  should  approve  the  use 
of  such  reagents  when  other, 
noncarcinogenic,  acceptable  reagents 
are  available.  Consideration  shall  be 
given  to  the  establishment  of  control  of 
the  disposal  of  known  or  suspected 
carcinogenic  reagents  in  order  to 
prevent  their  introduction  to  the 
environment. 

V.  Request  for  Comments 

A.  GC,  GC/MS,  HPLC 

1.  EPA  solicits  comments  on  the 
general  applicability  of  the  proposed 
GC,  GC/MS,  and  HPLC  methods,  or 
other  methods  which  have  been  used  for 
measuring  “toxic”  pollutants  in 
industrial  discharges.  The  Agency  is 
particularly  interested  in  comments  on 
interferants  and  other  analytical 
obstacles  which  have  been  experienced 
and  how  these  obstacles  were  overcome 
to  allow  quantitative  estimations  to  be 
made. 

2.  Commentators  are  urged  to  make 
any  data  which  they  may  have  to  better 
define  the  sensitivity,  precision, 
accuracy,  and  detection  limits  of  the 
proposed  methods  available  to  the 
Agency. 

3.  Several  different  configurations  of 
GC  columns,  detectors,  and  operating 
conditions  have  been  indicated  in  the 
proposed  methods.  Comments  are 
solicited  on  the  optimum  flexibility 
which  should  be  specified  in  such 
configurations  in  tailoring  the  GC,  GC/ 
MS,  and  HPLC  procedures  for  their  most 
general  applicability  to  industrial 
discharges. 

4.  The  proposed  methods  have 
included  a  minimum  level  of  quality 
control,  that  is,  the  use  of  replicates, 
spikes,  and  blanks  as  necessary 
operations.  EPA  solicits  comments 
regarding  the  additional  levels  of  quality 
control  that  should  be  specified  in  the 
procedures,  if  any,  and  those  elements 
of  quality  control  which  should  be  left  to 
the  analyst’s  discretion.  Earlier,  in  the 
preamble,  a  suggested  intensive  quality 
control  regime  was  discussed  which 
could  be  included  in  the  GC/MS 
methods.  Comments  are  solicited 
relative  to  the  adequacy  and  desirability 
for  integrating  much  more  intensive 
quality  control  requirements  within  the 
mandatory  language  of  the  GC/MS 
methods. 


69466 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


5.  The  proposed  regulation  includes 
mandatory  preservation  techniques  and 
maximum  holding  times  based  upon 
data  accumulated  by  EPA  since  1975. 
The  Agency  seeks  additional  data  and 
comments  concerning  preservation 
techniques  and  maximum  holding  times. 

6.  EPA  is  proposing  an  ICP  instrument 
to  supplement  the  present  colorimetric 
and  AA  procedures.  The  Agency 
believes  that  the  proposed  ICP 
procedures  should  provide  greater 
flexibility  to  the  analyst  to  choose  the 
most  appropriate  analytical  technique 
for  measurement  of  trace  elements. 
Comments  are  solicited  especially 
relative  to  the  general  applicability  of 
ICP  to  industrial  discharges. 

7.  In  response  to  requests  from 
environmental  analysis  laboratories  that 
desire  to  measure  the  carbonaceous 
BOD  of  municipal  and  industrial 
wastewaters  without  the  complications 
caused  by  the  nitrogenous  oxygen 
demand,  the  carbonaceous  BOD  method 
is  being  proposed.  The  nitrificaton 
control  incorporated  in  the  proposed 
method  offers  an  analytical  advantage 
in  greatly  improving  the  reproducibility 
of  BOD  measurements.  The  advantages 
offered  by  the  proposed  method’s  ability 
to  distinguish  between  carbonaceous 
and  nitrogenous  oxygen  demands  are 
expected  to  favorably  impact  the  design 
and  operation  of  biological  nitrification 
plants  because  loadings,  aeration  rates, 
and  chemical  doses  are  based  largely  on 
the  nitrogenous  demand.  EPA  requests 
additional  data  on  the  control  of 
nitrification  in  BOD  measurements. 

8.  EPA's  cost  estimates  for  the 
proposed  methods  are  based  upon  all 
available  data.  The  Agency  solicits 
comments  and  data  on  the  estimated 
unit  cost  of  the  proposed  methods. 
Commentators  should  state  the 
assumptions  underlying  their  estimates. 

Dated:  November  16, 1979. 

Barbara  Blum, 

Acting  Administrator . 
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Appendix  I — Gas  Chromatographic  and 
HPLC  Methods — Methods  601  through 
612 

Purgeable  Ha/ocarbons — Method  601 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  29  purgeable  ’ 
halocarbons.  The  following  parameters 
may  be  determined  by  this  method: 

Parameter  STORET  No. 

Bromotorm . 32104 

Bromodichlorometti&ne . 32101 

Bromomethane . . . 34413 

Carbon  tetrachlonaa .  32102 

Chlorobenzene . . 34301 

Chloroethane . .  343 1 1 

2-Chloroethylvmyl  ether _ .... _ ......  34576 

Chloroform _ 32106 

Chloromethane .  34418 

Dibromochlorometh  ane . .  34105 

1 .2- Dichlorobenzene .  34536 

1 .3- Dichlorobenzene....: _ ......  34566 

1.4- Dichlorobenzene... .  34571 

Oichlorodifluoromethane _ _ _ 34668 

1.1- Dichloroethane . . . 34496 

1 .2- Dichloroethane .  34531 

1 . 1  -Dichloroethene .  34501 

trans- 1 ,2-Dichloroethene .  34546 

1 .2- Dichloropropane .  34541 

cis-1 ,3-Dichloropropene _  34561 

trans-  1.3-Dichloropropene .  34561 

Methylene  chloride .  34423 

1 . 1 .2.2- Tetrachloroeihane . . 34516 

Tetrachloroethene...........™. ........... _ ... _  34475 

1,1,1-Xnchloroethane .  34506 

1.1,/2-Trichloroethane . ...  34511 

Tochloroethene .  39180 

T  richlorofl  uorome  thane .  34488 

Vinyl  chloride _  39175 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  1  represent  sensitivities  that 
can  be  achieved  in  wastewaters  under 
optimum  operating  conditions. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  An  inert  gas  is  bubbled  through  a 
5  ml  water  sample  contained  in  a 
specially-designed  purging  chamber. 

The  halocarbons  are  efficiently 
transferred  from  the  aqueous  phase  to 
the  vapor  phase.  The  vapor  is  swept 
through  a  short  sorbent  tube  where  the 
halocarbons  are  trapped.  After  the  purge 
is  completed,  the  trap  is  heated  and 
backflushed  with  gas  to  desorb  the 
halocarbons  into  a  gas  chromatographic 
system.  A  temperature  program  is  used 


in  the  GC  system  to  separate  the 
halocarbons  before  detection  with  a 
halide-specific  detector. 

2.2  If  interferences  are  encountered, 
the  method  provides  an  optional  gas 
chromatographic  column  that  may  be 
helpful  in  resolving  the  compounds  of 
interest  from  the  interferences. 

3.  Interferences. 

3.1  Impurities  in  the  purge  gas  and 
organic  compounds  out-gasing  from  the 
plumbing  ahead  of  the  trap  account  for 
the  majority  of  contamination  problems. 
The  analytical  system  must  be 
demonstrated  to  be  free  from 
contamination  under  the  conditions  of 
the  analysis  by  running  method  blanks. 
Method  blanks  are  run  by  charging  the 
purging  device  with  organic-free  water 
and  analyzing  it  in  a  normal  manner. 

The  use  of  non-TFE  plastic  tubing,  non- 
TFE  thread  sealants,  or  flow  controllers 
with  rubber  components  in  the  purging 
device  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics 
(particularly  freons  and  methylene 
chloride)  through  the  septum  seal  into 
the  sample  during  shipment  and  storage. 
A  sample  blank  prepared  from  organic- 
free  water  and  carried  through  the 
sampling  and  handling  protocol  can 
serve  as  a  check  on  such  contamination. 

3.3  Cross  contamination  can  occur 
whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To 
reduce  the  likelihood  of  this,  the  purging 
device  and  sample  syringe  should  be 
rinsed  out  twice  between  sar.'.ples  with 
organic-free  water.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by  an 
analysis  of  organic-free  water  to  check 
for  cross  contamination.  For  samples 
containing  large  amounts  of  water- 
soluble  materials,  suspended  solids, 
high  boiling  compounds  or  high 
organohalide  levels,  it  may  be  necessary 
to  wash  out  the  purging  device  with  a 
soap  solution,  rinse  with  distilled  water, 
and  then  dry  in  a  105°  C  oven  between 
analyses. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
sampling. 

4.1.  Vial,  with  cap — 40  ml  capacity 
screw  cap  (Pierce  #13075  or  equivalent). 
Detergent  wash  and  dry  at  105”  C  before 
use. 

4.1.2  Septum — Teflon — faced 
silicone  (Pierce  #12722  or  equivalent). 
Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  105°C  for  one 
hour  before  use. 

4.2  Purge  and  trap  device — The 
purge  and  trap  equipment  consists  of 
three  separate  pieces  of  apparatus:  the 
purging  device,  trap,  and  desorber. 
Several  complete  devices  are  now 
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available  commercially.  The  device 
must  meet  the  following  specifications: 
The  unit  must  be  completely  compatible 
with  the  gas  chromatographic  system; 
the  purging  chamber  must  be  designed 
for  a  5  ml  volume  and  be  modeled  after 
Figure  1;  the  dimensions  for  the  sorbant 
portion  of  the  trap  must  meet  or  exceed 
those  in  Figure  2.  Figures  3  and  4 
illustrate  the  complete  system  in  the 
purge  and  the  desorb  mode. 

4.3  Gas  chromatograph — Analytical 
system  complete  with  programmable  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  halide-specific  detector, 
column  supplies,  recorder,  and  gases.  A 
data  system  for  measuring  peak  areas  is 
recommended. 

4.4  Syringes — 5-ml  glass  hypodermic 
with  luerlok  tip  (2  each). 

4.5  Micro  syringes — 10,  25, 100  pi. 

4.6  2-way  syringe  valve  with  Luer 
ends  (3  each). 

4.7  Syringe — 5-ml  gas-tight  with 
shut-off  valve. 

4.8  Bottle — 15-mi  screw-cap,  with 
Teflon  cap  liner. 

5.  Regents. 

5.1  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Trap  Materials 

5.2.1  Porus  polymer  packing  60/80 
mesh  chromatographic  grade  Tenax  GC 
(2,6-diphenylene  oxide). 

5.2.2  Three  percent  OV-1  on 
Chromosorb-W  60/80  mesh. 

5.2.3.  Silica  gel — (35/60  mesh) — 
Davison,  grade-15  or  equivalent. 

5.2.4  Coconut  charcoal  6/10  mesh 
Bamaby  Chaney,  CA-580-26  lot  #  M- 
2649  or  equivalent. 

5.3  Activated  carbon — Filtrasorb- 
200  (Calgon  Corp.)  or  equivalent. 

5.4  Organic-free  water 

5.4.1  Organic-free  water  is  defined 
as  water  free  of  interference  when 
employed  in  the  purge  ahd  trap 
procedure  described  herein.  It  is 
generated  by  passing  tap  water  through 
a  carbon  filter  bed  containing  about  1  lb. 
of 

5.4.2  A  water  purfication  system 
(Millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  organic-free 
deionized  water. 

5.4.3  Organic-free  water  may  also  be 
prepared  by  boiling  water  for  15 
minutes.  Subsequently,  while 
maintaining  the  temperature  at  90°  C, 
bubble  a  contaminant-free  inert  gas 
through  the  water  for  one  hour.  While 
still  hot,  transfer  the  water  to  a  narrow 
mouth  screw  cap  bottle  and  seal  with  a 
Teflon  line  septum  and  cap. 

5.5  Stock  standards — Prepare  stock 
standard  solutions  in  methyl  alcohol 
using  assayed  liquids  or  gas  cylinders  as 
appropriate.  Because  of  the  toxicity  of 


some  of  the  organohalides,  primary 
dilutions  of  these  materials  should  be 
prepared  in  a  hood.  A  NIOSH/MESA 
approved  toxic  gas  respirator  should  be 
used  when  the  analyst  handles  high 
concentrations  of  such  materials. 

5.5.1-  Place  about  9.8  ml  of  methyl 
alcohol  into  a  10  ml  ground  glass 
stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered  for  about  10 
minutes  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to 
the  nearest  0.1  mg. 

5.5.2  Add  the  assayed  reference 
material: 

5.5.2.1  Liquids — Using  a  100  pi 
syringe,  immediately  add  2  drops  of 
assayed  reference  material  to  the  flask, 
then  reweigh.  Be  sure  that  the  2  drops 
fall  directly  into  the  alcohol  without 
contacting  the  neck  of  the  flask. 

5.5.2.2  Gases — To  prepare  standards 
for  any  of  the  six  halocarbons  that  boil 
below' 30°  C  (bromomethane, 
chloroethane,  chloromethane, 
dichlorodifluoromethane, 
trichlorodifluoromethane,  vinyl 
chloride),  fill  a  5  ml  valved  gas-tight 
syringe  with  the  reference  standard  to 
the  5.0-ml  mark.  Lower  the  needle  to  5 
mm  above  the  methyl  alcohol  menicus. 
Slowly  inject  the  reference  standard 
above  the  surface  of  the  liquid  (the 
heavy  gas  will  rapidly  dissolve  into  the 
methyl  alcohol). 

5.5.3  Reweigh,  dilute  to  volume, 
stopper,  then  mix  by  inverting  the  flask 
several  times.  Transfer  the  standard 
solution  to  a  15  ml  screw-cap  bottle  with 
a  Teflon  cap  liner. 

5.5.4  Calculate  the  concentration  in 
micrograms  per  microliter  from  the  net 
gain  in  weight. 

5.5.5  Store  stock  standards  at  4°  C. 
Prepare  fresh  standards  weekly  for  the 
six  gases  and  2-chloroethylvinyl  ether. 
All  other  standards  must  be  replaced 
with  fresh  standard  each  month. 

6.  Calibration. 

6.1  Using  stock  standards,  prepare 
secondary  dilution  standards  in  methyl 
alcohol  that  contain  the  compounds  of 
interest,  either  singly  or  mixed  together. 
The  standards  shoud  be  prepared  at 
concentrations  such  that  the  aqueous 
standards  prepared  in  6.2  will 
completely  bracket  the  working  range  of 
the  analytical  system. 

6.2  Using  secondary  dilution 
standards,  prepare  calibration 
standards  by  carefully  adding  20.0  pi  of 
standard  in  methyl  alcohol  to  100,  500, 
or  1000  ml  of  organic-free  water.  A  25  pi 
syringe  (Hamilton  702N  or  equivalent) 
should  be  used  for  this  operation.  These 
aqueous  standards  must  be  prepared 
fresh  daily. 

6.3  Assemble  the  necessary  gas 
chromatographic  apparatus  and 


establish  operating  parameters 
equivalent  to  those  indicated  in  Table  1. 
By  injecting  secondary  dilution 
standards,  establish  the  sensitivity  limit 
and  the  linear  range  of  the  analytical 
system  for  each  compound. 

6.4  Assemble  the  necessary  purge 
and  trap  device.  The  trap  must  meet  the 
minimum  specifications  as  shown  in 
Figure  2  to  achieve  satisfactory  results. 
Condition  the  trap  overnight  at  180°  C 
by  backflushing  with  an  inert  gas  flow 
of  at  least  20  ml/min.  Prior  to  use,  daily 
condition  traps  10  minutes  while 
backflushing  at  180°  C.  Analyze  aqueous 
calibration  standards  (6.2)  according  to 
the  purge  and  trap  procedure  in  Section 
8.  Compare  the  responses  to  those 
obtained  by  injection  of  standards  (6.3), 
to  determine  purging  efficiency  and  also 
calculate  analytical  precision.  The 
purging  efficiencies  and  analytical 
precision  of  the  analysis  of  aqueous 
standards  must  be  comparable  to  data 
presented  by  Bellar  and  Lichtenberg 
(1978)  before  reliable  sample  analysis 
may  begin. 

6.5  By  analyzing  calibration 
standards,  establish  the  sensitivity  limit 
and  linear  range  of  the  entire  analytical 
system  for  each  compound. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  daily  demonstrate 
through  the  analysis  of  an  organic-free 
water  method  blank  that  the  entire 
analytical  system  is  interference-free. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  die  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the  gas 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

7.3  The  analyst  should  maintain 
constant  surveillance  of  both  the 
performance  of  the  analytical  system 
and  the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
spiking  each  sample,  standard  and 
blank  with  surrogate  halocarbons.  A 
combination  of  bromochloromethane,  2- 
bromo-l-chloropropane,  and  1,4- 
dichlorobutane  is  recommended  to 
encompass  the  boiling  range  covered  by 
this  method.  From  stock  standard 
solutions  prepared  as  above,  add  a 
volume  to  give  1000  pg  of  each  surrogate 
to  45  ml  of  organic-free  water  contained 
in  a  50-ml  volumetric  flask,  mix  and 
dilute  to  volume  (20  ng/pl).  Dose  5.0  pi 
of  this  surrogate  spiking  solution 
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directly  into  the  5  ml  syringe  with  every 
sample  and  reference  standard 
analyzed.  Prepare  a  fresh  surrogate 
spiking  solution  on  a  weekly  basis. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers  having  a  total 
volume  in  excess  of  40  ml.  Fill  the 
sample  bottles  in  such  a  manner  that  no 
air  bubbles  pass  through  the  sample  as 
the  bottle  is  being  filled.  Seal  the  bottle 
so  that  no  air  bubbles  are  entrapped  in 
it.  Maintain  the  hermetic  seal  on  the 
sample  bottle  until  time  of  analysis. 

8.2.  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  If  the  sample  contains 
free  or  combined  chlorine,  add  sodium 
thiosulfate  preservative  (10  mg/40  ml 
will  suffice  for  up  to  5  ppm  Cl2)  to  the 
empty  sample  bottles  just  prior  to 
shipping  to  the  sampling  site,  fill  with 
sample  just  to  overflowing,  seal  the 
bottle,  and  shake  vigorously  for  1 
minute. 

6.3  All  samples  must  be  analyzed 
within  14  days  of  collection. 

9.  Sample  Extraction  and  Gas 
Chromatograph. 

9.1  Adjust  the  purge  gas  (nitrogen  or 
helium)  flow  rate  to  40  ml/min.  Attach 
the  trap  inlet  to  the  purging  device,  and 
set  the  device  to  purge.  Open  the  syringe 
valve  located  on  the  purging  device 
sample  introduction  needle. 

9.2  Remove  the  plunger  from  a  5  ml 
syringe  and  attach  a  closed  syringe 
valve.  Open  the  sample  bottle  (or 
standard)  and  carefully  pour  the  water 
into  the  syringe  barrel  until  it  overflows. 
Replace  the  syringe  plunger  and 
compress  the  sample.  Open  the  syringe 
valve  and  vent  any  residual  air  while 
adjusting  the  samples  volume  to  5.0  ml. 
Since  this  process  of  taking  an  aliquot 
destroys  the  validity  of  the  sample  for 
future  analysis,  the  analyst  should  fill  a 
second  syringe  at  this  time  to  protect 
against  possible  loss  of  data.  Add  5.0  ul 
of  the  surrogate  spiking  solution  (7.3) 
through  the  valve  bore,  then  close  the 
valve. 

9.3  Attach  the  syringe-syringe  valve 
assembly  to  the  syringe  valve  on  the 
purging  device.  Open  the  syringe  valves 
and  inject  the  sample  into  the  purging 
chamber. 

9.4  Close  both  valves  and  purge  the 
sample  for  11.0  ±  .05  minutes. 

9.5  After  the  11  minute  purge  time, 
attach  the  trap  to  the  chromatograph, 
and  adjust  the  device  to  the  desorb 
mode.  Introduce  the  trapped  materials  to 
the  GC  column  by  rapidly  heating  the 
trap  to  180°C  while  back-flushing  the 
trap  with  an  inert  gas  between  20  and  60 
ml/min  for  4  minutes.  If  rapid  heating 
cannot  be  achieved,  the  gas 


chromatographic  column  must  be  used 
as  a  secondary  trap  by  cooling  it  to  30°C 
(or  sub/ambient,  if  problems  persist) 
instead  of  the  initial  program 
temperature  of  45°C. 

9.6  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the  chamber 
with  two  5  ml  flushes  of  organic-free 
water. 

9.7  After  desorbing  the  sample  for 
approximately  four  minutes  recondition 
the  trap  by  returning  the  purge  and  trap 
device  to  the  purge  mode.  Wait  15 
seconds  then  close  the  syringe  valve  on 
the  purging  device  to  begin  gas  flow 
through  the  trap.  Maintain  the  trap 
temperature  at  180°C.  After 
approximately  seven  minutes  turn  off 
the  trap  heater  and  open  the  syringe 
valve  to  stop  the  gas  flow  through  the 
trap.  When  cool  tbe  trap  is  ready  for  the 
next  sample. 

9.8  Table  1  summarizes  some 
recommended  gas  chromatographic 
column  material  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  column  1  is 
shown  in  Figure  5.  Calibrate  the  system 
daily  by  analysis  of  a  minimum  of  three 
concentration  levels  of  calibration 
standards. 

10.  Calculations. 

10.1  Determine  the  concentration  of 
individual  compounds  directly  from 
calibrations  plots  of  concentration  (pg/1) 
vs.  peak  height  or  area  units. 

10.2  Reports  results  in  micrograms ' 
per  liter.  When  duplicate  and  spiked 
samples  are  samples  are  analyzed,  all 
data  obtained  should  be  reported. 

11.  Accuracy  and  Precision.  The  U.S. 
EPA  Environmental  Monitoring  and 
Support  Laboratory  in  Cincinnati  is  in 
the  process  of  conducting  an  inter¬ 
laboratory  method  study  to  determine 
the  accuracy  and  precision  of  this  test 
procedure. 
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Table  A— Orga nohalides  Tested  Using  Purge  and 
Trap  Method 


Compound 

Retention  time 

(mm.)  Detection 

limit 1 

Com*  Col.  2*  M'1 

Chloromethane . 

1  SO 

528 

0.0009 

Bromomethane . 

2.17 

705 

003 

Dichlorodifluoromethane . 

262 

n 

003 

Vinyl  chloride . 

267 

5.28 

0.01 

Chloroethane . 

3.33 

868 

001 

Methylene  chloride . 

525 

10.1 

0.01 

Trichlorofluoromethane . 

7.18 

O 

0.01 

1,1-Dichloroethene . 

793 

7.72 

0.006 

1,1-Dichloroethane . 

930 

12.6 

0.004 

trans-1,  2-Dichloroethene . 

10.1 

938 

0.006 

Chloroform . . 

10.7 

12.1 

0.006 

1,2-Dichloroethane . 

11.4 

15.4 

0.006 

1,1,1-Trichloroethane . 

126 

13.1 

0  005 

Carbon  tetrachloride . 

13.0 

14.4 

0  007 

Bromodichloromethane . 

13.7 

146 

0006 

1 ,2-Dicnloropropane . . 

14.9 

16.6 

0.004 

trans-1 ,3,-Dichloropropene 

15.2 

16.6 

0  006 

Trichloroethene . . 

15  8 

13.1 

0.005 

Dibromochloromethane . 

16.S 

16.6 

0.01 

1,1,2-Trichloroethane . 

16.5 

18.1 

0.006 

Cis-1 ,3-dichloropropene . 

16.5 

18.0 

0008 

2-Chloroethylvinyl  ether . 

18.0 

(1 

0.06 

Bromoform . 

192 

19  2 

0.02 

1 . 1 ,2.2-T  etrachloroethane. . . 

21.6 

(1 

0.006 

Teirachloroethene . 

21  7 

15  0 

0.007 

Chlorobenzene . 

242 

188 

0.03 

1 ,3-Dichlorobenzene 

34.0 

224 

004 

1 ,2-Dichlorobenzene . 

34.9 

23.5 

0.04 

1 ,4-Dichlorobenzene . 

354 

22.3 

0.04 

1  Detection  limit  is  calculated  from  me  minimum  detectable 
GC  response  being  equal  lo  five  time  the  GC  background 
noise,  using  a  Hall  Model  700-A  Detector. 

“Carbopack  B  60/80  mesh  coated  with  1%  SP-1000 
packed  in  an  6  ft  x  0.1  in  ID  stainless  steel  or  glass  column 
with  helium  carrier  gas  at  40  ml/min  flow  rate.  Column  tem¬ 
perature  held  at  45'C  for  3  min.  then  programmed  at  8  C/ 
min.  to  220’  then  held  for  15  min. 

3Porisil-C  100/120  mesh  coated  with  n octane  packed  in  a 
6  ft  x  0.1  in  ID  stainless  steel  or  glass  column  with  helium 
carrier  gas  at  40  ml/min  flow  rate.  Column  termperature  held 
at  50’C  for  3  min  then  programmed  at  6'C/min  to  170’  then 
held  for  4  min. 

•Not  determined. 
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Figure  2.  Trap  packings  and  construction  to  include 
desorb  capability 
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Figure  4.  Schematic  of  purge  and  trap  device  -  desorb  mode 


COLUMN:  1%  SP-1000  ON  CARBOPACK-B 
PROGRAM  :  45*C-3  MINUTES.  8VMINUTE  TO  220*C 
DETECTOR:  IIALL  700  A  ELECTROLYTIC  CONDUCTIVITY 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rule3 _ 69473 


A 


« 

a 

C5 


a 

o 


c 

k. 

O 

O 

cz 

E 

o 


05 

cz 

a 


n  - 


69474 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


Purgeable  Aromatics — Method  602 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  various  purgeable 
aromatics.  The  following  parameters 
may  be  determined  by  this  method: 

Parameter  Store t  No. 

Benzene ... . . — . - . -  34030 

Chlorobenzene - -  34301 

1.2- Dtchkxobenzene -  34536 

1 .3- DichlofObenzene -  34566 

1.4- Oichlorobenzene . . -  *  34571 

Ethylbenzene _  34371 

Toluene -  34010 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  1  represent  sensitivities  that 
can  be  achieved  in  wastewaters  under 
optimum  operating  conditions. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  An  inert  gas  is  bubbled  through  a 
5  ml  water  sample  contained  in  a 
specially-designed  purging  chamber. 

The  aromatics  are  efficiently  transferred 
from  the  aqueous  phase  to  the  vapor 
phase.  The  vapor  is  swept  through  a 
short  sorbent  tube  where  the  aromatics 
are  trapped.  After  the  purge  is 
completed,  the  trap  is  heated  and 
backflushed  with  gas  to  desorb  the 
aromatic  compounds  into  a  gas 
chromatographic  system.  A  temperature 
program  is  used  in  the  GC  system  to 
separate  the  aromatics  before  detection 
with  a  photoionization  detector. 

3.  Interferences. 

3.1  Impurities  in  the  purge  gas  and 
organic  compounds  out-gasing  from  the 
plumbing  ahead  of  the  trap  account  for 
the  majority  of  contamination  problems. 
The  analytical  system  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Method  blanks  are  run  by  charging  the 
purging  device  with  organic-free  water 
and  analyzing  it  in  a  normal  manner. 

The  use  of  non-TFE  plastic  tubing,  non- 
TFE  thread  sealants  or  flow  controllers 


with  rubber  components  in  the  purging 
device  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics  through  the 
septum  seal  into  the  sample  during 
shipment  and  storage.  A  sample  blank 
prepared  from  organic  free  water  and 
carried  through  the  sampling  and 
handling  protocol  can  serve  as  a  check 
on  such  contamination. 

3.3  Cross  contamination  can  occur 
whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To 
reduce  the  likelihood  of  this,  the  purging 
device  and  sample  syringe  should  be 
rinsed  out  twice  between  samples  with 
organic-free  water.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by  an 
analysis  of  organic-free  water  to  check 
for  cross  contamination.  For  samples 
containing  large  amounts  of  water 
soluble  materials,  suspended  solids, 
high  boiling  compounds  or  high  levels  of 
aromatics,  it  may  be  necessary  to  wash 
out  the  purging  device  with  a  soap 
solution,  rinse  with  distilled  water,  and 
then  dry  in  a  lOSX  oven  between 
analyses. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
sampling. 

4.1.1  Vial,  with  cap — 40  ml  capacity 
screw  cap  (Pierce  #13075  or  equivalent}. 
Detergent  wash  and  dry  at  105°  C  before 
use. 

4.1.2  Septum-Teflon-faced  silicone 
(Pierce  §12722  or  equivalent).  Detergent 
wash,  rinse,  with  tap  and  distilled 
water,  and  dry  at  105°  C  for  one  hour 
before  use. 

4.2  Purge  and  trap  device — The 
purge  and  trap  equipment  consists  of 
three  separate  pieces  of  apparatus:  the 
purging  device,  trap,  and  desorber. 
Several  complete  devices  are  available 
commercially.  The  device  must  meet  the 
following  specifications:  The  unit  must 
be  completely  compatible  with  the  gas 
chroma tograhpic  system;  the  purging 
chamber  must  be  designed  for  a  5  ml 
volume  and  be  modeled  after  Figure  1; 
the  dimensions  for  the  sorbant  portion 
of  the  trap  must  meet  or  exceed  those  in 
Figure  2.  Figures  3  and  4  illustrate  the 
complete  system  in  the  purge  and  the 
desorb  mode. 

4.3  Gas  chromatograph — Analytical 
system  complete  with  programmable  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  Model  PI-51-02 
pbotoionization  detector  (h-nu  Systems, 
Inc.),  column  supplies,  recorder,  and 
gases.  A  data  system  for  measuring 
peak  areas  is  recommended. 

4.4  Syringes — 5-ml  glass  hyodermic 
with  luerlok  tip  (2  each). 

4.5  Micro  syringes — 10,  25, 100  p.1. 


4.6  2-way  syringe  value  with  Luer 
ends  (3  each). 

4.7  Bottle — 15-ml  screw-cap,  with 
Teflon  cap  liner. 

5.  Reagents. 

5.1  Solium  thiosulfate — (ACS) 
Granular. 

5.2  Trap  Materials 

5.2.1  Porous  polymer  packing  60/80 
mesh  chromatographic  grade  Tenax  GC 
(2,6-diphenylene  oxide). 

5.2.2  Three  percent  OV-1  on 
Chromosorb-W  60/80  mesh. 

5.3  Activated  carbon — Filtra sorb-200 
(Calgon  Corp.)  or  equivalent. 

5.4  Organic-free  water 

5.4.1  Organic-free  water  is  defined 
as  water  free  of  interference  when 
employed  in  the  purge  and  trap 
procedure  described  herein.  It  is 
generated  by  passing  tap  water  through 
a  carbon  filter  bed  containing  about  1  lb. 
of  activated  carbon. 

5.4.2  A  water  purification  system 
(millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  organic-free 
deionized  water. 

5.4.3  Organic-free  water  may  also  be 
prepared  by  boiling  water  for  15 
minutes.  Subsequently,  while 
maintaining  the  temperature  at  90°  C, 
bubble  a  contaminant-free  inert  gas 
through  the  water  for  one  hour.  While 
still  hot,  transfer  the  water  to  a  narrow 
mouth  screw  cap  bottle  and  seal  with  a 
Teflon  lined  septum  and  cap. 

5.5  Stock  standards — Prepare  stock 
standard  solutions  in  methyl  alcohol 
using  assayed  liquids.  Because  benzene 
an  1,4-dichlorobenzer.e  are  suspected 
carcinogens,  primary  dilutions  of  these 
compounds  should  be  prepared  in  a 
hood.  i 

5.5.1  Place  about  9.8  ml  of  methyl 
alcohol  into  a  10  ml  ground  glass 
stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered,  for  about  10 
minutes  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to 
the  nearest  0.1  mg. 

5.5.2  Using  a  100  /*1  syringe, 
immediately  add  2  drops  of  assayed 
reference  material  to  the  flask,  then 
reweigh.  Be  sure  that  the  2  drops  fall 
directly  into  the  alcohol  without 
contacting  the  neck  of  the  flask. 

5.5.3  Dilute  to  volume,  stopper,  then 
mix  by  inverting  the  flask  several  times. 
Transfer  the  standard  solution  to  a  15  ml 
screw-cap  bottle  with  a  Teflon  cap  liner. 

5.5.4  Calculate  the  concentration  in 
mircograms  per  microliter  from  the  net 
gain  in  weight. 

5.5.5  Store  stock  standards  at  4°C. 

All  standards  must  be  replaced  with 
fresh  standard  each  month. 

6.  Calibration. 

6.1  Using  stock  standards,  prepare 
secondary  dilution  standards  in  methyl 
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alcohol  that  contain  the  compounds  of 
interest,  either  singly  or  mixed  together. 
The  standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
standards  prepared  in  6.2  will 
completely  bracket  the  working  range  of 
the  analytical  system. 

6.2  Using  secondary  dilution 
standards,  prepare  calibration 
standards  by  carefully  adding  20.0  p.1  of 
standard  in  methyl  alcohol  to  100,  500, 
or  1000  ml  of  organic-free  water.  A  25  pi 
syringe  (Hamilton  702N  or  equivalent) 
should  be  used  for  this  operation.  These 
aqueous  standards  must  be  prepared 
fresh  daily. 

6.3  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  1. 
By  injecting  secondary  dilution 
standards,  establish  the  sensitivity  limit 
and  the  linear  range  of  the  analytical 
system  for  each  compound. 

6.4  Assemble  th  necessary  purge  and 
trap  device.  The  Trap  must  meet  the 
minimum  specifications  shown  in  Figure 
2  to  achieve  satisfactory  results. 
Condition  the  trap  overnight  at  180°C  by 
backflushing  with  an  inert  gas  flow  of  at 
least  20  ml/min.  Prior  to  use,  daily 
condition  traps  10  minutes  while 
backflushing  at  180°C.  Analyze  aqueous 
calibration  standards  (6.2)  according  to 
the  purge  and  trap  procedure  in  Section 

8.  Compare  the  responses  to  those 
obtained  by  injection  of  standards  (6.3), 
to  determine  purging  efficiency  and  also 
to  calculate  analytical  precision.  The 
purging  efficiencies  and  analytical 
precision  of  the  analysis  of  aqueous 
standards  must  be  comparable  to  data 
presented  by  Bellar  and  Lichtenberg 
(1978)  before  reliable  sample  analysis 
may  begin. 

6.5  By  analyzing  calibration 
standards,  establish  the  sensitivity  limit 
and  linear  range  of  the  entire  analytical 
system  for  each  compound. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  daily 
through  the  analysis  of  an  organic-free 
water  method  blank  that  the  entire 
analytical  system  is  interference-free. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the  gas 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 


7.3  The  analyst  should  maintain 
constant  surveillance  of  both  the 
performance  of  the  analytical  system 
and  the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
spiking  each  sample,  standard  and 
blank  with  surrogate  compounds  (e.g. 
aaa-trifluorotoluene). 

8.  Sample  Collection ,  Preservation, 
and  Handling. 

8.1  Collect  about  500  ml  sample  in  a 
clean  container.  Adjust  the  pH  of  the 
sample  to  about  2  by  adding  1:1  diluted 
HC1  while  stirring  vigorously.  If  the 
sample  contains  free  or  combined 
chlorine,  add  35  mg  of  sodium  - 
thiosulfate  per  part  per  million  of  free 
chlorine  per  liter  of  sample.  Fill  a  40  ml 
sample  bottle  in  such  a  manner  that  no 
air  bubbles  pass  through  the  sample  as 
the  bottle  is  being  filled.  Seal  the  bottle 
so  that  no  air  bubbles  are  entrapped  in 
it.  Maintain  the  hermetic  seal  on  the 
sample  bottle  until  time  of  analysis. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction. 

8.3  All  samples  must  be  analyzed 
within  7  days  of  collection. 

9.  Sample  Extraction  and  Gas 
Chromatography. 

9.1  Adjust  the  purge  gas  (nitrogen  or 
helium)  flow  rate  to  40  ml/min.  Attach 
the  trap  inlet  to  the  purging  device,  and 
set  the  device  to  purge.  Open  the  syringe 
valve  located  on  the  purging  device 
sample  introduction  needle. 

9.2  Remove  the  plunger  from  a  5  ml 
syringe  and  attach  a  closed  syringe 
valve.  Open  the  sample  bottle  (or 
standard)  and  carefully  pour  the  water 
into  the  syringe  barrel  until  it  overflows. 
Replace  the  syringe  plunger  and 
compress  the  sample.  Open  the  syringe 
valve  and  vent  any  residual  air  while 
adjusting  the  sample  volume  to  5.0  ml. 
Since  this  process  of  taking  an  aliquot 
destroys  the  validity  of  the  sample  for 
future  analysis,  the  analyst  should  fill  a 
second  syringe  at  this  time  to  protect 
against  possible  loss  of  data.  Add  the 
surrogate  spiking  solution  (7.3)  through 
the  valve  bore,  then  close  the  valve. 

9.3  Attach  the  syringe-syringe  valve 
assembly  to  the  syringe  valve  on  the 
purging  device.  Open  the  syringe  valves 
and  inject  the  sample  into  the  purging 
chamber. 

9.4  Close  both  valves  and  purge  the 
sample  for  12.0  ±  .05  minutes. 

9.5  After  the  12  minute  purge  time, 
disconnect  the  purge  chamber  from  the 
trap.  Dry  the  trap  by  maintaining  a  flow 
rate  of  40  cc/min  dry  purge  gas  for  6 
min.  Attach  the  trap  to  the 
chromatograph,  and  adjust  the  device  to 
the  desorb  mode.  Introduce  the  trapped 
materials  to  the  GC  column  by  rapidly 
heating  the  trap  to  180°C  while 


backflushing  the  trap  with  an  inert  gas 
between  20  and  60  ml/min  for  4  minutes. 
If  rapid  heating  cannot  be  achieved,  the 
gas  chromatographic  column  must  be 
used  as  a  secondary  trap  by  cooling  it  to 
30°C  (or  subambient,  if  problems  persist) 
instead  of  the  initial  program 
temperature  of  50°C. 

9.6  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  WaslTthe  chamber 
with  two  5  ml  flushes  of  organic-free 
water. 

9.7  After  desorbing  the  sample  for 
approximately  four  minutes  recondition 
the  trap  by  returning  the  purge  and  trap 
device  to  the  purge  mode.  Wait  15 
seconds  then  close  the  syringe  valve  on 
the  purging  device  to  begin  gas  flow 
through  the  trap.  Maintain  the  trap 
temperature  at  180°C.  After 
approximately  seven  minutes  turn  off 
the  trap  heater  and  open  the  syringe 
valve  to  stop  the  gas  flow  through  the 
trap.  When  cool  the  trap  is  ready  for  the 
next  sample. 

9.8  Table  1  summarized  the 
recommended  gas  chromatographic 
column  material  and  operating 
conditions  for  the  instrument,  included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  this  column 
is  shown  in  Figure  5.  Calibrate  the 
system  daily  by  analysis  of  a  minimum 
of  three  concentration  levels  of 
calibration  standards. 

10.  Calculations. 

10.1  Determine  the  concentration  of 
individual  compounds  directly  from 
calibrations  plots  of  concentration  (p.g/1) 
vs.  peak  height  or  area  units. 

10.2  Report  results  in  micrograms  per 
liter.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

11 .  Accuracy  and  Precision.  The  U.S. 
EPA  Environmental  Monitoring  and 
Support  Laboratory  in  Cincinnati  is  in 
the  process  of  conducting  an 
interlaboratory  method  study  to 
determine  the  accuracy  and  precision  of 
this  test  procedure. 
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Table  1  .—Chromatography  of  Aromatics  Using 
Purge  and  Trap  Method 


Compound 

Retention 

Detection 

time  (min.) 

limit 

Col.  1  > 

Mg/' 

Benzene . . 

_ _  3.33 

« 

(1 

rt 

0 

» 

o 

n 

Toluene _ _ _ _ 

_  5.75 

Ethyl  benzene.. . . . 

_ _  825 

Chlorobenzene _ 

_ _  9.17 

1 ,4-Dichlorobenzene . 

_  16.8 

1 ,3-Dichlorobenzene _ 

_ _  18.2 

1 2 -Dichlorobenzene . 

-  25.9 

'Supelcoport  100/120  mesh  coated  with  5%  SP-2100  and 
1.75%  Bentone-34  packed  in  a  6  ft.  x  0.085  in  ID  stainless 
steel  column  with  helium  carrier  gas  at  36  cc/min  flow  rate. 
Column  temperature  held  at  50*C  for  2  min.  then  pro¬ 
grammed  at  6’C/min  to  90‘C  for  a  final  hold. 

1  Detection  limit  is  calculated  from  the  minimum  detectable 
GC  response  being  equal  to  five  times  the  GC  background 
noise,  using  a  h-nu  Model  PI-51 -02  photoionization  detector 
with  a  10.2  ev  lamp. 

*Not  determined. 
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Figure  1.  Purging  device 
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Figure  3.  Schematic  of  purge  and  trap  device  -  purge  mode 
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Figure  5.  Gas  chromatogram  of  purgeable  aromatics 


Acrolein  and  Acrylonitrile — Method  603 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  acrolein  and 
acrylonitrile.  The  following  parameters 
may  be  determined  by  this  method: 

Parameter  Store!  No. 

Acrolein _ _ _ _  34210 

Actylonitn'e - . . . .  324 1 5 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  1  represent  sensitivities  that 
can  be  achieved  in  wastewaters  under 
optimum  operating  conditions. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 


2.  Summary  of  Method. 

2.1  An  inert  gas  is  bubbled  through  a 
5  ml  water  sample  contained  in  a 
specially-designed  heated  purging 
chamber.  Acrolein  and  acrylonitrile  are 
transferred  from  the  aqueous  phase  to 
the  vapor  phase.  The  vapor  is  passed 
through  a  short  sorbent  tube  where  the 
compounds  are  trapped.  After  the 
extraction  is  completed,  the  trap  is 
heated  and  backflushed  with  gas  to 
desorb  the  compounds  into  a  gas 
chromatographic  system.  A  temperature 
program  is  used  in  the  GC  system  to 
separate  the  compounds  before 
detection  with  a  flame  ionization 
detector. 

3.  Interferences. 

3.1  Impurities  in  the  purge  gas  and 
organic  compounds  out-gasing  from  the 
plumbing  ahead  of  the  trap  account  for 
the  majority  of  contamination  problems. 
The  analytical  system  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Method  blanks  are  run  by  charging  the 
purging  device  with  organic-free  water 
and  analyzing  it  in  a  normal  manner. 
The  use  of  non-TFE  plastic  tubing,  non- 
TFE  thread  sealants,  or  flow  controllers 
with  rubber  components  in  the  purging 
device  should  be  avoided. 
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3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics 
(particularly  methylene  chloride) 
through  the  septum  seal  into  the  sample 
during  shipment  and  storage.  A  sample 
blank  prepared  from  organic-free  water 
and  carried  through  the  sampling  and 
handling  protocol  can  serve  as  a  check 
on  such  contamination. 

3.3  Cross  contamination  can  occur 
whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To 
reduce  the  likelihood  of  this,  the  purging 
device  and  sample  syringe  should  be 
rinsed  out  twice  between  samples  with 
organic-free  water.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by  an 
analysis  of  organic-free  water  to  check 
for  cross-contamination.  For  samples 
containing  large  amounts  of  water 
soluble  materials,  suspended  solids,  . 
high  boiling  compounds  or  high 
organohalide  levels  it  may  be  necessary 
to  wash  out  the  purging  device  with  a 
soap  solution,  rinse  with  distilled  water, 
and  then  dry  in  a  105°  C  oven  between 
analyses. 

3.4  Interferences  are  sometimes 
reduced  or  eliminated  by  first  purging 
the  water  samples  for  5  minutes  at  room 
temperature  in  9.4.  Then  the  purge 
device  is  rapidly  heated  to  85°  C  and 
purged  as  in  9.4.  With  such  a 
modification,  approximately  5  to  10%  of 
the  acrylonitrile  and  a  trace  of  the 
acrolein  in  the  sample  will  be  lost. 
Therefore,  calibration  must  be 
established  for  the  compounds  under  the 
conditions  of  this  modified  procedure. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
sampling. 

4.1.1  Vial,  with  cap — 40  ml  capacity 
screw  cap  (Pierce  #13075  or  equivalent). 
Detergent  wash  and  dry  at  105°  C  before 
use. 

4.1.2  Septum-Teflon-faced  silicone 
(Pierce  #12722  or  equivalent).  Detergent 
wash,  rinse  with  tap  and  distilled  water, 
and  dry  at  105°  C  for  one  hour  before 
use. 

4.2  Purge  and  trap  device — The 
purge  and  trap  equipment  consists  of 
three  separate  pieces  of  apparatus:  the 
purging  device,  trap,  and  desorber.  The 
purging  device  should  be  equipped  for 
heating  in  the  same  manner  as  the  trap 
(electrically)  or  with  a  circulating  water 
jacket.  If  electrical  heating  is  used  the 
electrical  parts  must  be  protected  so 
that  water  will  not  drip  on  the 
conductors,  causing  dangerous  electrical 
shock  or  shorts.  All  temperature 
parameters  must  be  carefully  controlled. 
Several  complete  devices  are  available 
commercially  although  most  are  not 
equipped  to  heat  the  purging  chamber. 
The  device  must  meet  the  following 


specifications:  the  unit  must  be 
completely  compatible  with  the  gas 
chromatographic  system:  the  purging 
chamber  must  be  designed  for  a  5  ml 
volume  and  be  modeled  after  Figure  1; 
the  dimensions  for  the  sorbant  portion 
of  the  trap  must  meet  or  exceed  those  in 
figure  2.  Figures  3  and  4  illustrate  the 
complete  system  in  the  purge  and  the 
desorb  mode. 

4.3  Gas  chromatograph — Analytical 
system  complete  with  programmable  gas 
chromatograph  suitable  for  on-column 
injection,  equipped  with  matched 
columns  for  dual  column  analysis  and  a 
differential  flame  ionization  detector.  A 
nitrogen  specific  detector  (thermionic  or 
Hall)  may  be  used  if  only  acrylonitrile  is 
to  be  detected.  Required  accessories 
include:  column  supplies,  recorder,  and 
gases.  A  data  system  for  measuring 
peak  areas  is  recommended. 

4.4  Syringes — 5-ml  glass  hypodermic 
with  luerlok  tip  (2  each). 

4.5  Micro  syringes — 10,  25, 100  ul. 

4.6  2-way  syringe  valve  with  Luer 
ends  (3  each). 

4.7  Bottle — 15-ml  screw-cap,  with 
Teflon  cap  liner. 

5.  Reagents. 

5.1  Preservatives 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2.  Sulfuric  acid — (ACS).  Mix 
equal  volumes  of  cone.  H2S04  with 
distilled  water. 

5.1.3  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Trap  absorbent — Porous  polymer 
packing,  50/80  mesh  chromatographic 
grade  Porapak  N. 

5.3  Activated  carbon — Filtrasorb-200 
(Calgon  Corp.)  or  equivalent. 

5.4  Organic-free  water. 

5.4.1  Organic-free  water  is  defined 
as  water  free  of  interference  when 
employed  in  the  purge  and  trap 
procedure  described  herein.  It  is 
generated  by  passing  tap  water  through 
a  carbon  filter  bed  containing  about  1  lb. 
of  activated  carbon. 

5.4.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  organic-free 
deionized  waler. 

5.4.3  Organic-free  water  may  also  be 
prepared  by  boiling  water  for  15 
minutes.  Subsequently,  while 
maintaining  the  temperature  at  90c  C, 
bubble  a  contaminant-free  inert  gas 
through  the  water  for  one  hour.  While 
still  hot,  transfer  the  water  to  a  narrow 
mouth  screw  cap  bottle  and  seal  with  a 
Teflon  lined  septum  and  cap. 

5.5  Stock  standards — Prepare  stock 
standard  solutions  daily  in  water  using 
assayed  standards.  Because  of  toxicity, 
primary  dilutions  of  these  materials 
should  be  prepared  in  a  hood.  A 


NIOSH/MESA  approved  toxic  gas 
respirator  should  be  used  when  the 
analyst  handles  high  concentrations  of 
the  materials. 

5.5.1  Place  about  9.8  ml  of  water  (pH 

6.5  to  7.5)  into  a  10  ml  ground  glass 
stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered,  for  about  10 
minutes  or  until  all  water  wetted 
surfaces  have  dried.  Weigh  the  flask  to 
the  nearest  0.1  mg. 

5.5.2  Using  a  100  ul  syringe, 
immediately  add  2  drops  of  assayed 
reference  material  to  the  flask,  then 
reweigh.  Be  sure  that  the  2  drops  fall 
directly  into  the  water  without 
contacting  the  neck  of  the  flask. 

5.5.3  Dilute  to  volume,  stopper,  then 
mix  by  inverting  the  flask  several  times. 
Transfer  the  standard  solution  to  a  15  ml 
screw-cap  bottle  with  a  Teflon  cap  liner. 

5.5.4  Calculate  the  concentration  in 
micrograms  per  microliter  from  the  net 
gain  in  weight. 

6.  Calibration. 

6.1  Using  stock  standards,  prepare 
secondary  dilution  standards  in  water. 
The  standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
standards  prepared  in  6.2  will 
completely  bracket  the  working  range  of 
the  chromatographic  system. 

6.2  Using  secondary  dilution 
standards,  prepare  calibration 
standards  by  carefully  adding  20  ul  of 
stock  standard  to  100,  500,  or  1000  ml  of 
organic-free  water. 

6.3  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  1. 
By  injecting  secondary  dilution 
standards,  establish  the  sensitivity  limit 
and  the  linear  range  of  the  analytical 
system  for  each  compound. 

6.4  Assemble  the  necessary  purge 
and  trap  device.  The  trap  must  meet  the 
minimum  specifications  as  shown  in 
Figure  2  to  achieve  satisfactory  results. 
Condition  the  trap  overnight  at  180°  C 
by  backflushing  with  an  inert  gas  flow 
of  at  least  20  ml/min.  Prior  to  use,  daily 
condition  traps  10  minutes  while 
backflushing  at  180°  C.  Analyze  aqueous 
calibration  standards  (6.2)  according  to 
the  purge  and  trap  procedure  in  Section 
9.  Compare  the  responses  to  those 
obtained  by  injection  of  standards  (6.3), 
to  determine  purging  efficiency  and  also 
to  calculate  analytical  precision.  The 
purging  efficiencies  and  analytical 
precision  of  the  analysis  of  aqueous 
standards  should  be  85 ±5%  for  acrolein 
and  98±5%  for  acrylonitrile. 

6.5  By  analyzing  calibration 
standards,  establish  the  sensitivity  limit 
and  linear  range  of  the  entire  analytical 
system  for  each  compound. 
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7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  daily 
through  the  analysis  of  an  organic-free 
water  method  blank  that  the  entire 
analytical  system  is  interference-free. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the  gas 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

7.3  The  analyst  should  maintain  ' 
constant  surveillance  of  both  the 
performance  of  the  analytical  system 
and  the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
spiking  each  sample,  standard  and 
blank  with  surrogate  compounds. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Collect  about  500  ml  sample  in  a 
clean  container.  Adjust  the  pH  of  the 
sample  to  6.5  to  7.5  by  adding  1:1  diluted 
H2SO«  or  NaOH  while  stirring 
vigorously.  If  the  sample  contains 
residual  chlorine,  add  35  mg  of  sodium 
thiosulfate  per  part  per  million  of  free 
chlorine  per  liter  of  sample.  Fill  a  40  ml 
sample  bottle  and  seal  the  bottle  so  that 
no  air  bubbles  are  entrapped  in  it. 
Maintain  the  hermetic  seal  on  the 
sample  bottle  until  time  of  analysis. 

8.2  The  samples  must  be  iced  or 
refrigerated  at  4°C  from  the  time  of 
collection  until  extraction. 

8.3  All  samples  must  be  analyzed 
within  3  days  of  collection. 

9.  Sample  Extraction  and  Gas 
Chromatography. 

9.1  Adjust  the  helium  purge  gas  flow 
rate  to  20±1  ml/min  and  the 
temperature  of  the  purge  device  to  85°C. 
Attach  the  trap  inlet  to  the  purging 
device,  and  set  the  device  to  purge. 

Open  the  syringe  valve  located  on  the 
purging  device  sample  introduction 
needle. 

9.2  Remove  the  plunger  from  a  5  ml 
syringe  and  attach  a  closed  syringe 
valve.  Open  the  sample  bottle  (or 
standard)  and  carefully  pour  the  water 
into  the  syringe  barrel  until  it  oveflows. 
Replace  the  syringe  plunger  and 
compress  the  sample.  Open  the  syringe 
valve  and  vent  any  residual  air  while 
adjusting  the  sample  volume  to  5.0  ml. 

9.3  Attach  the  syringe-syringe  valve 
assembly  to  the  syringe  valve  on  the 


purging  device.  Open  the  syringe  valves 
and  inject  the  sample  into  the  purging 
chamber. 

9.4  Close  both  valves  and  purge  the 
sample  for  30.0±0.1  minutes.  Monitor 
and  control  the  temperature  of  the  purge 
device  to  obtain  85±1°C. 

9.5  After  the  30-minute  purge  time, 
attach  the  trap  to  the  chromatograph, 
and  adjust  the  device  to  the  desorb 
mode.  Introduce  the  trapped  materials  to 
the  GC  column  by  rapidly  hearing  the 
trap  to  170°C  while  backflushing  the  trap 
with  helium  at  45  ml/min  for  5  minutes. 
The  backflushing  time  and  gas  flow  rate 
must  be  carefully  reproduced  from 
sample  to  sample.  During  blackflushing 
the  chromatographic  column  is  held  at 
100°C.  Record  GC  retention  time  from 
the  beginning  of  desorption. 

9.6  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the  chamber 
with  two  5  ml  flushes  of  organic-free 
water. 

9.7  After  desorbing  the  sample  for.  5 
minutes  recondition  the  trap  by 
returning  the  purge  and  trap  device  to 
the  purge  mode  and  begin  the  GC 
progrm.  Wait  15  seconds  then  close  the 
syringe  valve  on  the  purging  device  to 
begin  gas  flow  through  the  trap. 

Maintain  the  trap  temperature  at  170°C. 
'After  approximately  seven  minutes  turn 
off  the  trap  heater  and  open  the  syringe 
valve  to  stop  the  gas  flow  through  the 
trap,  when  cool  the  trap  is  ready  for  the 
next  sample. 

9.8  Table  1  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  this  column 
is  shown  in  Figure  5.  Calibrate  the 
system  daily  by  analysis  of  a  minimum 
of  three  concentrations  levels  of 
calibration  standards. 

10.  Calculations. 

10.1  Determine  the  concentration  of 
individual  compounds  directly  from 
calibrations  plots  of  concentration  (ug/1) 
vs.  peak  height  or  area  units. 

10.2  Report  results  in  micrograms  per 
liter.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

11.  Accuracy  and  precision 

The  U.S.  EPA  Environmental 

Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure.*  • 
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Table  1.— Gas  Chromatography  by  Heated  Purge 
and  Trap 


Retention 

Detection 

Compound  1 

Time  (min  i 

Limit  ug/1  * 

Acrolein . 

76 

2 

Acrylonitrile . 

89 

■Column  conditions:  Chromosort)  101  80/100  mesh 
packed  in  a  6'  x  V,"  O.D.  stainless  steel  column  with  helium 
carrier  gas  at  45  ml/min  flow  rate  Column  temperature  is 
held  at  100*  C  for  5  minutes  during  trap  desorpton.  then  pro¬ 
grammed  at  10  *  C/min  to  140  "C  and  held  for  5  minutes. 

’Detection  limit  is  estimated,  based  upon  the  use  of  a 
flame  ionization  detector. 
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Figure  1 .  Purging  device 
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Figure  5.  Gas  chromatogram  of  acrolein  and  acrylonitrile 


Phenols — Method  604 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  various  phenolic 
compounds.  The  following  parameters 
may  be  determined  by  this  method: 

Parameter  Storel  No. 

4-Chloro-3-methylphenol _ 34452 

2-Chlorophenol _ .... _ _ _  34586 

2.4- D*chlorophenol _ _ _ ...  34601 

2.4- Dimethylphenol _ ...... .... 34606 

2.4- Dinitrophenol . 34616 

2-Methyl-4,6-dinitrophenol .  34657 

2-Nitrophenol _ _ _  34591 

4-Nitrophenol _ 34646 

Pentachlorophenol _  39094 

Phenol _  34694 

2,4,6-Trichlorophenol _ 34621 


1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 


interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  with  a 
flame  ionization  detector  in  the  absence 
of  interferences.  If  the  derivatization 
cleanup  is  required,  the  sensitivity  of  the 
method  is  10  pg/l.  This  concentration 
represents  the  minimum  amount  proven 
to  date  to  give  reproducible  and  linear 
response  during  derivatization. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
acidified  and  extracted  with  methylene 
chloride  using  separatory  funnel 
techniques.  The  extract  is  dried  and 
concentrated  to  a  volume  of  10  ml  or 
less.  Flame  ionization  gas 
chromatographic  conditions  are 
described  which  allow  for  the 
measurement  of  the  compounds  in  the 
extract. 

2.2  The  method  also  provides 
for  the  preparation  of 
pentafluorobenzylbromide  (PFB) 
derivatives  for  electron  capture  gas 
chromatography  with  additional  cleanup 
procedures  to  aid  the  analyst  in  the 
elimination  of  interferences. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  cleanup  techniques  are  provided 
as  part  of  this  method,  unique  samples 
may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  I. 
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4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minumum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  this  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  Pyrex 
chromatographic  column  with  coarse 
frit. 

4.4.  Kuderna-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  {Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K-503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  flame  ionization  and  electron 
capture  detector,  column  supplies, 
recorder,  gases,  syringes.  A  data  system 
for  measuring  peak  areas  is 
recommended. 

4.7  Chromatographic  column — 10 
mm  ID  by  100  mm  length,  with  Teflon 
stopcock. 

4.8  Reaction  vial — 20  ml,  with 
Teflon-lined  cap. 

5.  Reagents. 


5.1  Preservatives: 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid — (1 +1)  Mix  equal 
volumes  of  cone.  H*SO«  (ACS)  with 
distilled  water. 

5.1.3  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Methylene  chloride,  acetone,  2- 
propanol,  hexane,  toluene — Pesticide 
quality  or  equivalent. 

5.3  Sodium  sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°  C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/fxl  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  2-propanol  and  diluting  to 
volume  in  a  100  ml  ground  glass 
stoppered  volumetric  flask.  The  stock 
solution  is  transferred  to  ground  glass 
stoppered  reagent  bottles,  stored  in  a 
refrigerator,  and  checked  frequently  for 
signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing 
working  standards  from  them. 

5.5  Sulfuric  acid — (ACS)  1  N  in 
distilled  water. 

5.6  Potassium  carbonate — (ACS) 
powdered. 

5.7  Pentafluorobenzyl  bromide  (a- 
Bromopentafluorotoluene) — 97% 
minimum  purity. 

5.8  1,4,7,10,13,16— 
Hexaoxacyclooctadecane  (18  crown 
6) — 98%  minimum  purity. 

5.9  Derivatization  reagent — Add  1  ml 
pentafluorobenzyl  bromide  and  1  gram 
18  crown  6  to  a  50  ml  volumetric  flask 
and  dilute  to  volume  with  2-propanol. 
Prepare  fresh  weekly. 

5.10  Silica  gel — (ACS)  100/200  mesh, 
grade  923;  activated  at  1309C  and  stored 
in  a  sesiccator. 

6.  Calibration. 

6.1  Prepare  calibration  standards  for 
the  flame  ionization  detector  that 
contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  p.g/1  in 
the  final  extract,  for  example,  prepare 
standards  at  10  p.g/1,  50  /ig/1, 100  /xg/1, 
500  p.g/1,  etc.  so  that  injections  of  1-5  jul 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 


6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  Before  using  the  derivatization 
clean  up  procedure,  the  analyst  must 
process  a  series  of  calibration  standards 
through  the  procedure  to  validate  the 
precision  of  the  derivatization  and  the 
absence  of  interferences  from  the 
reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  At  the  sampling 
location  fill  the  glass  container  with 
sample.  Add  35  mg  of  sodium  thiosulfate 
per  part  per  million  free  chlorine  per 
liter.  Adjust  the  sample  pH  to 
approximately  2,  as  measured  by  pH 
paper,  using  appropriate  sulfuric  acid 
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solution  or  ION  sodium  hydroxide. 
Record  the  volume  of  acid  used  on  the 
sample  identification  tag  so  the  sample 
volume  can  be  corrected  later. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Adjust  the  sample  pH 
to  12  with  sodium  hydroxide. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 

Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  one  minute  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechnical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Discard  the  methylene 
chloride  layer,  and  wash  the  sample 
with  an  additional  two  60  ml  portions  of 
methylene  chloride  in  similar  fashion. 

9.3  Adjust  the  aqueous  layer  to  a  pH 
of  1-2  with  sulfuric  acid. 

9.4  Add  60  ml  of  methylene  chloride 
to  the  sample  and  shake  for  two 
minutes.  Allow  the  solvent  to  separate 
from  the  sample  and  collect  the 
methylene  chloride  in  a  250  ml 
Erlenmeyer  flask. 

9.5  Add  a  second  60  ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.6  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  the  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kudema-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.7  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-05°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 


appartus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

9.8  Increase  the  temperature  of  the 
hot  water  bath  to  95-100°C.  Remove  the 
Snyder  column  and  rinse  the  flask  and 
its  lower  joint  into  the  concentrator  tube 
with  1-2  ml  of  2-propanol.  A  5-ml 
syringe  is  recommended  for  this 
operation.  Attach  a  micro-Snyder 
column  to  the  concentrator  tube  and 
prewet  the  column  by  adding  about  0.5 
ml  2-propanol  to  the  top.  Place  the 
micro-K-D  apparatus  on  the  water  bath 
so  that  the  concentrator  tube  is  partially 
immersed  in  the  hot  water.  Adjust  the 
vertical  position  of  the  apparatus  and 
the  water  temperature  as  required  to 
complete  concentration  in  5-10  minutes. 
At  the  proper  rate  of  distillation,  the 
balls  of  the  column  will  actively  chatter 
but  the  chambers  will  not  flood.  When 
the  apparent  volume  of  the  liquid 
reaches  2.5  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling.  Add  an 
additional  2  ml  of  2-propanol  through 
the  top  of  the  micro-Snyder  column  and 
resume  concentrating  as  before.  When 
the  apparent  volume  of  liquid  reaches 
0.5  ml,  remove  the  K-D  apparatus  and 
allow  it  to  drain  for  at  least  10  minutes 
while  cooling.  Remove  the  micro-Snyder 
column  and  rinse  its  lower  joint  into  the 
concentrator  tube  with  a  minimum 
amount  of  2-propanol.  Adjust  the  extract 
volume  to  1.0  ml.  Stopper  the 
concentrator  tube  and  store  in 
refrigerator,  if  further  processing  will  not 
be  performed  immediately.  If  the  sample 
extract  requires  no  further  cleanup, 
proceed  with  flame  ionization  gas 
chromatographic  analysis.  If  the  sample 
requires  cleanup,  proceed  to  section  11. 

9.9  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  After 
correction  for  sulfuric  acid  preservative, 
record  the  sample  volume  to  the  nearest 
5  ml. 

10.  Gas  Chromatography-Flame 
Ionization  Detector. 

10.1  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  one  of  these 
columns  is  shown  in  Figure  1.  Calibrate 
the  gas  chromatographic  system  daily 


with  a  minimum  of  three  injections  of 
calibration  standards. 

10.2  Inject  2-5  pi  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  p.1)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  p  1,  and  the  resulting 
peak  size,  in  area  units. 

10.3  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

10.4  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  the  phenols  must  be 
derivatized  and  analyzed  by  electron 
capture  gas  chromatography. 

11.  Derivatization  and  Electron 
Capture  Gas  Chromatography. 

11.1  Pipet  a  1.0  ml  aliquot  of  the  2- 
propanol  solution  of  standard  or  sample 
extract  into  a  glass  reaction  vial.  Add 

I. 0  ml  derivatization  reagent.  This  is  a 
sufficient  amount  of  reagent  to 
derivatize  a  solution  whose  total 
phenolic  content  does  not  exceed  0.3 
mg/ml. 

11.2  Add  about  3  mg  of  potassium 
carbonate  to  the  solution  and  shake 
gently. 

11.3  Cap  the  mixture  and  heat  it  for  4 
hours  at  80°C  in  a  hot  water  bath. 

11.4  Remove  the  solution  from  the 
hot  water  bath  and  allow  it  to  cool. 

11.5  Add  10  ml  hexane  to  the 
reaction  vial  and  shake  vigorously  for 
one  minute.  Add  3.0  ml  of  distilled, 
deionized  water  to  the  reaction  vial  and 
shake  for  two  minutes. 

11.6  Decant  organic  layer  into  a 
concentrator  tube  and  cap  with  a  glass 
stopper. 

11.7  Pack  a  10  mm  ID 
chromatographic  column  with  4.0  grams 
of  activated  silica  gel.  After  settling  the 
silica  gel  by  tapping  the  column,  add 
about  two  grams  of  anhydrous  sodium 
sulfate  to  the  top. 

11.8  Pre-elute  the  column  with  6  ml 
hexane.  Discard  the  eluate  and  just  prior 
to  exposure  of  the  sulfate  layer  to  air, 
pipet  onto  the  column  2.0  ml  of  the 
hexane  solution  (11.6)  that  contains  the 
derivatized  sample  or  standard.  Elute 
the  column  with  10.0  ml  of  hexane 
(Fraction  1)  and  discard  this  fraction. 
Elute  the  column,  in  order,  with:  10.0  ml 
15%  toluene  in  hexane  (Fraction  2);  10.0 
ml  40%  toluene  in  hexane  (Fraction  3); 
10.0  ml  75%  toluene  in  hexane  (Fraction 
4);  and  10.0  ml  15%  2-propanol  in  toluene 
(Fraction  5).  Elution  patterns  for  the 
phenolic  derivatives  are  shown  in  Table 

II.  Fractions  may  be  combined  as 
desired,  depending  upon  the  specific 
phenols  of  interest  or  level  of 
interferences. 

11.9  Analyze  the  fractions  by 
electron  capture  gas  chromatography. 
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Table  II  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  that  should  be  achieved  by  this 
method.  Examples  of  the  separation 
achieved  by  this  column  is  shown  in 
Figure  2.  Calibrate  the  system  daily  with 
a  minimum  of  three  aliquots  of 
calibration  standards,  containing  each 
of  the  phenols  of  interest  that  are 
derivatized  according  to  the  procedure. 

11.10  Inject  2-5  p.1  of  the  column 
fractions  using  the  solvent-flush 
technique.  Smaller  (1.0  pi)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  pi,  and  the  resulting 
peak  size,  in  area  units.  If  the  peak  area 
exceeds  the  linear  range  of  the  system, 
dilute  the  extract  and  reanalyze. 

12.  Calculations 

12.1  Determine  the  concentration  of 
individual  compounds  measured  by  the 
flame  ionization  procedure  (without 
derivatization)  according  to  the  formula: 

Concentration,  fig/l=  (A) 

<VJ(VJ 


Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B  =  Peak  size  in  injection  of  sample  extract, 
in  area  units 

Vt  =  Volume  of  extract  injected  (pi) 

V,  =  Volume  of  total  extract  (pi) 

V,  =  Volume  of  water  extracted  (pi) 

12.2  Determine  the  concentration  of 
individual  compounds  measured  by  the 
derivatization  and  electron  capture 
procedure  according  to  the  following 
procedure: 

12.2.1  From  the  concentration  of  the 
calibration  standards  that  were 
derivatized  with  the  samples,  calculate 
the  amounts,  in  nanograms,  of 
underivatized  phenols  that  were  added 
as  2-propanol  solution  (11.1).  From  the 
size  of  the  injection  into  the  electron 
capture  gas  chromatograph,  determine 
the  nanograms  of  material  (calculated  as 


the  underivatized  phenol)  injected  onto 
the  column.  Compare  the  detector 
responses  obtained  to  develop  a 
calibration  factor  for  the 
chromatographic  system,  in  nanograms 
of  material  per  area  unit. 

12.2.2  Determine  the  concentration 
of  individual  compounds  according  to 
the  formula: 


Concentration,  /ig/1  = 


(A)(B)(VJ(10)(D) 

(Vi)(VJ(C)(E) 


Where: 

A = Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit,  calculated  as  underivatized  phenol. 

B=Peak  size  in  injection  of  sample  extract,  in 
area  units. 

Vj=Volume  of  eluate  injected  (pi) 

V,= Total  volume  of  column  eluate  (pi) 

Vg= Volume  of  water  extracted  (ml) 

C= Volume  of  hexane  sample  solution  added 
to  cleanup  column,  in  ml. 

D= Total  volume  of  2-propanol  extract  after 
concentration. 

E= Volume  of  2-propanol  extract  used  for 
derivatization. 


12.3  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision 
13.1  The  U.S.  EPA  Environmental 


Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I.—  Flame  Ionization  Gas  Chromatography  of 
Phenols 


Compound  1 

Retention 

time 

Detection 
limit  (jig/L)  * 

1  70 

2.0 

2.00 

2.5 

3.01 

1.4 

4.03 

1.7 

4  30 

2.1 

6.05 

5.0 

4-Chloro-3-  methylphenol .... 

— 

7.50 

10.00 

8.3 

7.0 

10.24 

10.0 

12.42 

'  10.0 

24.25 

10.0 

'Column  conditions:  Supelcoport  80/100  mesh  coated  with 
1%  SP-1240  DA  in  6  ft  kingx2  mm  ID  glass  column  with  ni¬ 
trogen  carrier  gas  at  30  ml/min  flow  rate.  Column  tempera¬ 
ture  is  B0°C  at  injection,  programmed  immediately  at  8°C/min 
to  150°C  final  temperature. 

2  Detection  limit  is  calculated  from  the  minimum  detectable 
GC  response  being  equal  to  five  times  the  GC  background 
noise,  assuming  a  10  ml  final  extract  volume  of  the  1  liter 
sample  extract,  and  assuming  a  GC  injection  of  5  microliters. 


Table  II .—Electron  Capture  Gas  Chromatography  of  PFB  Derivatives 


Rentention  Recovery  percent  by  fraction  3 

Parent  compound  1  time 

(minutes) _ 

1  2  3  4  .5 


3.3  . 

90 

>1 

9.1  . 

9 

90 

Phenol . 

1.8  . 

90 

10 

2.9  . 

95 

7 

5.8  . 

95 

>1 

7.0  . 

.  50 

50  . 

4-Chloro-2-methyphenol . 

4.8  . 

84 

14 

28  8  . 

75 

20  . 

14.0  . 

>1 

90 

’46  9  . 

(2-Methyl-4,6-dmitrophenol . 

’36.6  . 

‘Column  conditions:  Chromosorb  W-AW-DMCS  80/100  mesh  coated  with  5%  OV-17  packed  in  a  1.8  m  long  x  2.0  mm  ID 
glass  column  with  5%  methane/95%  argon  carrier  gas  at  30  ml/min  flow  rate.  Column  temperature  is  200‘C. 

2  From.  "Development  and  Application  of  Test  Procedures  for  Specific  Organic  Toxic  Substances  in  Wastewaters.  Catego¬ 
ries  3-Chlorinated  Hydrocarbons  and  Category  8  Phenols.” 

1  Retention  times  included  for  qualitative  information  only.  The  lack  of  accuracy  and  precision  of  the  denvatization  reaction 
precludes  the  use  of  this  approach  for  quantitative  purposes. 
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Figure  1.  Gas  chromatogram  of  phenols 
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Benzidines — Method  605 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  benzidine  and  selected 
derivatives.  The  following  parameters 
may  be  determined  by  this  method: 


Parameter:  Storet  No. 

Benzidine .  39120 

3,3'-Dtchlorobenzidine .  34631 


1.2  This  method  is  applicable  to  the 
measurement  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identifications  implied 
with  the  use  of  these  techniques. 

1.3  This  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  Benzidine  and  3,3- 
dichlorobenzidine  (DCB)  are  extracted 
from  the  sample  at  pH  7-8  using 
chloroform.  The  extract  is  then  back 
extracted  into  acid,  re-extracted  into 
chlorofom  at  neutral  pH,  and 
concentrated.  The  benzidines  are 
determined  in  the  final  extract  using 
high  performance  liquid  chromatography 
(HPLC)  with  electrochemical  detection. 

2.2  If  interferences  are  encountered 
with  the  measurement  of  benzidine,  the 
method  provides  additional  detector 
settings  to  increase  the  selectivity  of  the 
analytical  system. 

3.  Interferences. 

3.1  Although  the  detection  system  is 
highly  selective,  solvents,  reagents, 
glassware,  and  other  sample  processing 
hardware  may  yield  discrete  artifacts 
and/or  elevated  baselines  causing 
misinterpretation  of  chromatograms.  All 
of  these  materials  must  be  demonstrated 
to  be  free  from  interferences  under  the 
conditions  of  the  analysis.  Specific 
selection  of  reagents  and  purification  of 
solvents  by  distillation  in  all-glass 
systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 


municipality  being  sampled.  While 
general  cleanup  techniques  are  provided 
as  part  of  this  method,  unique  samples 
may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  I. 

3.3  Some  dye  plant  effluents  contain 
large  amounts  of  components  with 
retention  times  in  the  vicinity  of 
benzidine.  In  these  cases,  it  has  been 
found  useful  to  reduce  the  electrode 
potential  in  order  to  eliminate  the 
interferences  but  still  detect  the 
benzidine. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-pint  or  1-quart  volume.  Quart 
bottles  should  be  only  half  filled  in  the 
field.  French  or  Boston  Round  design  is 
recommended.  The  container  should  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  the  sample  is  not 
corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing  or 
fittings  may  be  used  in  the  system. 

4.2  Separatory  funnel — 1000  ml  and 
250  ml,  with  Teflon  stopcock. 

4.3  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  within  2°C.  The 
bath  should  be  used  in  a  hood. 

4.4  Rotating  evaporator. 

4.5  Flasks — round  bottom,  100  ml, 
with  24/40  joints. 

4.6  Centrifuge  tubes — conical,  screw 
capped,  graduated,  with  Teflon  lined 
caps. 

4.7  Pipettes — Pasteur,  with  bulbs. 

4.8  High  performance  liquid 
chromatograph — Analytical  system 
complete  with  column  supplies, 
recorder,  syringes,  and  the  following 
components: 

4.8.1  Solvent  delivery  system — with 
pulse  damper  (Altex  110A,  or 
equivalent). 

4.8.2  Injection  valve  Waters  Model 
USK  (or  equivalent). 

4.8.3  Electrochemical  detector 
Bioanalytical  Systems  LC-2A  with 
glassy  carbon  electrode,  (or  equivalent). 

4.8.4  Electrode  polishing  kit 
Princeton  Applied  Research  Model  9320 
(or  equivalent). 

5.  Reagents. 

5.1  Preservatives: 


5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid — (ACS)  Mix  equal 
volumes  in  cone.  H2S04  with  distilled 
water. 

5.1.3  Sodium  thiosulfate — (ACS) 
granular. 

5.2  Sulfuric  acid  (1M) — (ACS)  58  ml/ 
liter  in  distilled  water. 

5.3  Sodium  hydroxide  (20%) — (ACS) 
20  grams/100  ml  in  distilled  water. 

5.4  Sodium  hydroxide  (IM) — (ACS) 
40  grams/liter  in  distilled  water. 

5.5  Sodium  tribasic  phosphate 
(0.4M) — (ACS)  160  grams  Na3P04 
(12H20)  in  1  liter  of  distilled  water. 

5.6  Acetate  buffer  0.1  M,  pH  4.7;  5.8 
mis  glacial  acetic  acid  (ACS)  and  13.6 
grams  of  sodium  acetate  trihydrate 
(ACS)  per  liter  in  distilled  water. 

5.7  Acetonitrile — Pesticide  quality  or 
equivalent. 

5.8  Methyl  alcohol — Pesticide 
quality  or  equivalent. 

5.9  Chloroform  (preserved  with  1% 
ETOH) — Burdick  and  Jackson  (or 
equivalent). 

5.10  Water — Purified  (e.g.  from 
Millipore  RO-4  System  or  equivalent). 

5.11  HPLC  mobile  phase — Place  1 
liter  of  filtered  (through  Millipore  type 
FH  filter,  or  equivalent)  acetonitrile  and 
1  liter  of  filtered  (through  Millipore  type 
GS  filter,  or  equivalent)  acetate  buffer  in 
a  narrow  mouth,  glass,  one  gallon  jug 
and  mix  thoroughly.  Prepare  fresh 
weekly. 

5.12  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
0.100  ug/jxl  by  dissolving  0.0100  gram  of 
assayed  reference  material  in  pesticide 
quality  methyl  alcohol  and  diluting  to 
volume  in  a  100  ml  ground  glass 
stoppered  volumetric  flask.  The  stock 
solution  is  transferred  to  ground  glass 
stoppered  reagent  bottles,  stored  in  a 
refrigerator,  and  checked  frequently  for 
signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing 
working  standards  from  them. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  from  the 
stock  standards  at  the  following 
concentrations  that  will  bracket  the 
working  range  of  the  chromatographic 
system: 


Solution  Cone,  (ng/pil) 

Sensitivity  (nA  Full  Scale) 

0.05 

10 

0.10 

10 

0.50 

50 

1.0 

100 

5.0 

500 

6.2  Assemble  the  necessary  liquid 
chromatographic  apparatus  and 
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establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 

6.3  A  constant  injection  volume  of  25 
microliters  should  be  employed  for  all 
subsequent  measurements. 

6.4  In  order  to  determine  the 
precision  of  the  HPLC  system,  a  series 
of  6  replicate  injections  of  a  1  ng/pl 
solution  of  benzidine  and  3,3'- 
dichlorobenzidine  (DCB)  should  be 
made  on  the  50nA  full  scale  setting.  A 
precision  of  ±4%  should  be  achieved  for 
the  peak  heights  of  both  benzidine  and 
DCB.  This  measurement  should  be  made 
every  few  weeks  or  whenever 
instrument  related  problems  are 
apparent.  A  sample  chromatogram  is 
shown  in  Figure  1. 

6.5  Retention  times  should  remain 
relatively  constant  (within  ±5%  day  to 
day)  with  benzidine  being  6.1  minutes 
and  DCB  being  12.1  minutes  under  the 
specified  conditions.  These  values 
should  be  checked  daily  when  the 
calibration  injections  are  made. 

6.6  If  serious  loss  of  response  occurs, 
it  may  be  necessary  to  polish  the  surface 
of  the  carbon  electrode  (according  to  the 
instructions  supplied  with  the  polishing 
kit).  In  this  case,  it  will  be  necessary  to 
recalibrate  the  system. 

6.7  When  leaving  the  instrument 
idle,  it  is  advisable  to  maintain  a  flow  of 
0.1  ml/min  of  mobile  phase  through  the 
HPLC  column  in  order  to  prolong 
column  life. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  blank, 
that  all  glassware  and  reagents  are 
interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 


in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
to  extraction.  Benzidine  and 
dichlorobenzidine  are  easily  oxidized  by 
materials  such  as  free  chlorine.  For 
chlorinated  wastes,  immediately  add  35 
mg  sodium  thiosulfate  per  part  per 
million  of  free  chlorine  per  liter. 

8.3  If  1,2-diphenylhydrazine  is  likely 
to  be  present,  adjust  the  pH  of  the 
sample  to  4  ±0.2  units  to  prevent 
rearrangement  to  benzidine.  Otherwise, 
if  the  samples  will  not  be  extracted 
within  48  hours  of  collection,  the  sample 
pH  should  be  adjusted  to  2-3  with 
sodium  hydroxide  or  sulfuric  acid. 

8.4  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9 .  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume. 
Quantitatively  pour  the  entire  sample 
into  a  one-liter  separatory  funnel.  Check 
the  pH  of  the  sample  with  wide-range 
pH  paper  and  adjust  to  within  the  range 
of  6.5-7.5  with  sodium  hydroxide  or 
sulfuric  acid. 

9.2  Add  100  ml  chloroform  to  the 
sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 

Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes. 
Allow  the  organic  layer  to  separate  from 
the  sample  a  minimum  of  ten  minutes, 
then  collect  the  chloroform  extract  in  a 
250-ml  separatory  funnel. 

9.3  Add  50  ml  chloroform  to  the 
sample  bottle  and  complete  the 
extraction  procedure  a  second  time, 
combining  the  extracts  in  the  separatory 
funnel.  Perform  a  third  extraction  in  the 
same  manner  with  an  additional  50  ml 
volume. 

9.4  Discard  any  aqueous  layer  from 
the  250  ml  funnel  containing  the 
combined  organic  layers.  Add  25  ml  of  1 
M  sulfuric  acid  and  extract  the  sample 
by  shaking  the  funnel  for  two  minutes. 
Transfer  the  aqueous  layer  to  a  250  ml 
beaker.  Extract  with  two  additional  25 
ml  portions  of  1  M  sulfuric  acid  and 
combine  the  acid  extracts  in  the  beaker. 

9.5  Place  a  stirbar  in  the  250  ml 
beaker  and  stir  the  acid  extract  while 
carefully  adding  5  ml  of  a  .4M  sodium 
tribasic  phosphate.  With  the  aid  of  a  pH 
meter  neutralize  the  extract  to  pH  6-7  by 
dropwise  addition  of  20  percent  NaOH 
while  stirring  the  solution  vigorously. 
Approximately  25-30  ml  of  20  percent 
NaOH  will  be  required  and  it  should  be 


added  over  at  least  a  2-minute  period. 
Do  not  allow  the  sample  pH  ever  to 
exceed  pH  8. 

9.6  Pour  the  neutralized  extract  into 
a  250  ml  separatory  funnel.  Add  30  ml  of 
chloroform  and  shake  the  funnel  for  2 
minutes.  Allow  phases  to  separate,  and 
transfer  the  organic  layer  in  a  second 
250  ml  separatory  funnel. 

9.7  Extract  the  aqueous  layer  with 
two  additional  20  ml  aliquots  of 
chloroform  as  before.  Combine  the 
extracts  in  the  250  ml  separatory  funnel. 

9.8  Add  20  ml  of  distilled  water  to 
the  combined  organic  layers,  shake  for 
30  seconds,  and  discard  aqueous  layer. 

9.9  Transfer  the  organic  extract  into 
a  100  ml  round  bottom  flask.  Add  20  ml 
of  methyl  alcohol  and  concentrate  to  5 
ml  on  a  rotating  evaporator  at  35°C. 

9.10  Using  a  9-inch  Pasteur  pipette, 
transfer  the  extract  to  a  15  ml  conical 
scew-capped  centrifuge  tube.  Rinse  the 
flask,  including  the  entire  side  wall,  with 
two  ml  portions  of  methyl  alcohol  and 
combine  with  the  original  extract. 

9.11  Carefully  concentrate  the 
extract  to  0.5  ml  using  a  gentle  stream  of 
nitrogen  and  a  30CC  water  bath,  dilute  to 
2  ml  with  methyl  alcohol,  reconcentrate 
to  1  ml,  and  dilute  to  5  ml  with  acetate 
buffer.  Mix  extract  thoroughly.  Stopper 
the  ampul  and  store  refrigerated  if 
further  processing  with  not  be 
performed  immediately. 

9.12  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Liquid  Chromatography  (HPLC). 

10.1  Table  I  summarizes  the 
recommended  liquid  chromatographic 
column  material  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  this  column 
is  shown  in  Figure  1.  Calibrate  the 
system  daily  with  anninimum  of  three 
injections  of  calibration  standards. 

10.2  Inject  25  ul  of  the  sample 
extract.  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

10.3  If  the  peak  area  measurement 
for  benzidine  is  prevented  by  the 
presence  of  interferences,  reduce  the 
electrode  potential  to  0.7  V  and 
reanalyze. 

11.  Calculations. 

11.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula; 
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Concentration,  pg/  |= 


(A)  (B)  (V,) 
(VJ  (V.) 


Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  unit 
peak  area. 

B  =  Peak  size  in  injection  of  sample  extract, 
in  peak  area  units 
V,  =  Volume  of  extract  injected(jxl) 

V,  =  Volume  of  total  extract  (pi) 

V,  =  Volume  of  water  extracted  (ml) 

11.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

12.  Accuracy  and  Precision. 

12.1  The  U.S.  EPA  Environmental 
Monitioring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 

Bibliography 


RETENTION  TIME-MINUTES 

Figure  1.  Liquid  chromatogram  of  benzidines 


‘Development  and  Application  of  Test 
Procedures  for  Specific  Organic  Toxic 
Substances  in  Wastewaters  Category  7 — 
Benzidines,”  Report  for  EPA  Contract  6ft- 
03-2624  (In  preparation). 


Table  I. — Liquid  Chromatography  of  Benzidines 


Retention 

Detection 

Compound  1 

time  (min.) 

limit  (ng/l) ’ 

Benzidine 

.  6.1 

0.05 

3,3  -dtcWoiobenzdine . . 

12.1 

0.1 

1  Column  conditions:  Lichrosorb  RP-2,  5  micron  particle  tft- 
a meter  packed  in  a  25  cm  x  4.6  mm  ID  stainless  steel 
column  with  0  8  ml/min  (low  rate  ot  mobile  phase  (50  percent 
acetonitrile:  50  percent  0.1  M  pH  4.7  acetate  buffer). 

’Detection  limit  is  calculated  from  the  minimum  detectable 
response  of  the  electrochemical  detector  at  0.8  volts  being 
equal  to  live  times  the  background  noise,  assuming  a  5  ml 
tinal  extract  volume  of  the  500  ml  sample,  and  assuming  an 
injection  volume  of  25  microliters. 

Phthalate  Esters — Method  606 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  phthalate 
esters.  The  following  parameters  may  be 
determined  by  this  method: 


Parameter:  Store t  No. 

Benzyl  butyl  phthalate .  34292 

Bw(2-ethylhexyl)  phthalate .  39100 

Di-n-butyl  phthalate . . . 34110 

Di-n-octyl  phthalate . 34596 

Diethyl  phthalate . . 34336 

Dimethyl  phthalate............... .  34341 


1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  concentrated  to  a 
volume  of  10  ml  or  less. 

Chromatographic  conditions  are 
described  which  allow  for  the  accurate 
measurement  of  the  compounds  in  the 
extract. 

2.2  If  interferences  are  encountered, 
the  method  provides  selected  general 


purpose  cleanup  procedures  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  sample  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  cleanup  techniques  are  provided 
as  part  of  this  method,  unique  samples 
may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  I. 

3.3  Phthalate  esters  contaminate 
many  types  of  products  commonly  found 
in  the  laboratory.  The  analyst  must 
demonstrate  that  no  phthalate  residues 
contaminate  the  sample  or  solvent 
extract  under  the  conditions  of  the 
analysis.  Of  particular  importance  is  the 
avoidance  of  plastics  because 
phthalates  are  commonly  used  as 
plasticizers  and  are  easily  extracted 
from  plastic  materials.  Serious  phthalate 
contamination  may  result  at  any  time  if 
consistent  quality  control  is  not 
practiced. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kuderna-Danish  (K-D) 

Apparatus 
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4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±  2°C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  electron  capture  or  flame 
ionization  detector,  column  supplies, 
recorder,  gases,  syringes.  A  data  system 
for  measuring  peak  areas  is 
recommended. 

4.7  Chromatography  column — 300 
mm  long  x  10  mm  ID  with  coarse  fritted 
disc  at  bottom  and  Teflon  stopcock 
(Kontes  K-420540-0213  or  equivalent). 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water.  9 

5.1.2  Sulfuric  acid — (ACS)  Mix  equal 
volumes  of  cone.  HjS04  with  distilled 
water. 

5.2  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.3  Sodium  Sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/pl  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Diethyl  Ether — Nanograde, 
redistilled  in  glass  if  necessary. 

5.5.1  Must  be  free  of  peroxides  as 
indicated  by  EM  Quant  test  strips.  (Test 
strips  are  available  from  EM 
Laboratories.  Inc.,  500  Executive  Blvd., 
Elmsford.  N.Y.  10523.) 

5.5.2  Procedures  recommended  for 
removal  of  peroxides  are  provided  with 


the  test  strips.  After  cleanup,  20  ml  ethyl 
alcohol  preservative  must  be  added  to 
each  liter  of  ether. 

5.6  Florisil — PR  grade  (60/100  mesh); 
purchase  activated  at  1250°F  and  store 
in  dark  in  glass  container  with  ground 
glass  stoppers  or  foil-lined  screw  caps. 

5.7  Alumina — Activity  Super  I, 
Neutral,  W200  series.  (ICN  Life  Sciences 
Group.  No.  404583). 

5.8  Hexane — Pesticide  quality. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitudes  that  will 
completely  bracket  the  working  range  of 
the  chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/l 
in  the  final  extract,  for  example,  prepare 
standards  at  10  pg/l,  50  pg/l,  100  pg/l, 
500  pg/l,  etc.  so  that  injections  of  1-5  p.1 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory  * 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection.  Presentation, 
and  Handling. 


8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour, 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  ph  of  the 
sample  pH  with  wide-range  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
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20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertial  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

9.6  Increase  the  temperature  of  the 
hot  water  bath  to  about  80°C. 
Momentarily  remove  the  Snyder  column, 
add  50  ml  of  hexane  and  a  new  boiling 
chip  and  reattach  the  Snyder  column. 
Pour  about  1  ml  of  hexane  into  the  top  of 
the  Snyder  column  and  concentrate  the 
solvent  extract  as  before.  Elapsed  time 
of  concentration  should  be  5  to  10 
minutes.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  at  least 
10  minutes  while  cooling.  Remove  the 
Snyder  column  and  rinse  the  flask  and 
its  lower  joint  into  the  concentrator  tube 
with  1-2  ml  of  hexane,  and  adjust  the 
volume  to  10  ml.  A  5-ml  syringe  is 
recommended  for  this  operation. 

Stopper  the  concentrator  tube  and  store 
refrigerated  if  further  processing  will  not 
be  performed  immediately.  If  the  sample 
extract  requires  no  further  cleanup, 
proceed  with  gas  chromatographic 
analysis.  If  the  sample  requires  cleanup, 
proceed  to  Section  10. 

9.7  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Cleanup  and  Separaton. 

10.1  If  the  entire  extract  is  to  be 
cleaned  up  by  one  of  the  following  two 
procedures,  it  must  be  concentrated  to 
about  2  ml.  To  the  concentrator  tube  in 
9.6,  add  a  clean  boiling  chip  and  attach 
a  two-ball  micro-Snyder  column.  Prewpt 
the  column  by  adding  about  0.5  ml 
hexane  through  the  top.  Place  the  K-D 
apparatus  on  a  hot  water  bath  (80°C)  so 
that  the  concentrator  tube  is  partially 
immersed  in  the  hot  water.  Adjust  the 
vertical  position  of  the  apparatus  and 
the  water  temperature  as  required  to 
complete  the  concentration  in  5-10 
minutes.  At  the  proper  rate  of 
distillation  the  balU  of  the  column  will 
actively  chatter  but  the  chambers  will 


not  flood.  When  the  apparent  volume  of 
liquid  reaches  about  0.5  ml,  remove  the 
K-D  apparatus  and  allow  it  to  drain  for 
at  least  10  minutes  while  cooling. 
Remove  the  micro-Snyder  column  and 
rinse  its  lower  joint  into  the 
concentrator  tube  with  0.2  ml  of  hexane. 
Proceed  with  one  of  the  following  clean¬ 
up  procedures. 

10.2  Florisil  Column  Cleanup  for 
Phthalate  Esters 

10.2.1  Place  100  g  of  Florisil  into  a 
500  ml  beaker  and  heat  for 
approximately  16  hours  at  400CC.  After 
heating  transfer  to  a  500  ml  reagent 
bottle.  Tightly  seal  and  cool  to  room 
temperature.  When  cool  add  3  ml  of 
distilled  water  which  is  free  of 
phthalates  and  interferences.  Mix 
thoroughly  by  shaking  or  rolling  for  10 
minutes  and  let  it  stand  for  at  least  2 
hours.  Keep  the  bottle  sealed  tightly. 

10.2.2  Place  lOg  of  this  Florisil 
preparation  into  a  10  mm  ID 
chromatography  column  and  tap  the 
column  to  settle  the  Florisil.  Add  1  cm  of 
anhydrous  sodium  sulfate  to  the  top  of 
the  Florisil. 

10.2.3  Preelute  the  column  with  40  ml 
of  hexane.  Discard  this  eluate  and  just 
prior  to  exposure  of  the  sodium  sulfate 
layer  to  the  air  transfer  the  2  ml  sample 
extract  onto  the  column,  using  an 
additional  2  ml  of  hexane  complete  the 
transfer. 

10.2.4  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air  add  40  ml 
hexane  and  continue  the  elution  of  the 
column.  Discard  this  hexane  eluate. 

10.2.6  Next  elute  the  phthalate  esters 
with  100  ml  of  20  percent  ethyl  ether/80 
percent  hexane  (V/V)  into  a  500  ml  K-D 
flask  equipped  with  a  10  ml  concentrator 
lube.  Elute  the  column  at  a  rate  of  about 
2  ml  per  minute  for  all  fractions. 
Concentrate  the  collected  fraction  by 
standard  K-D  technique.  No  solvent 
exchange  is  necessary.  After 
concentration  and  cooling,  adjust  the 
volume  of  the  cleaned  up  extract  to  10 
ml  in  the  concentrator  tube  and  analyze 
by  gas  chromatography. 

10.3  Alumina  Column  Cleanup  for 
Phthalate  Esters 

10.3.1  Place  100  g  of  alumina  into  a 
500  ml  beaker  and  heat  for 
approximately  16  hours  at  400°  C.  After 
heating  transfer  to  a  500  ml  reagent 
bottle.  Tightly  seal  and  cool  to  room 
temperature.  When  cool  add  3  ml  of 
distilled  water  which  is  free  from 
phthalates  and  interferences.  Mix 
thoroughly  by  shaking  or  rolling  for  10 
minutes  and  let  it  stand  for  at  least  2 
hours.  Keep  the  bottle  sealed  tightly. 

10.3.2  Place  10  g  of  this  alumina 
preparation  into  a  10  mm  ID 
chromatography  column  and  tap  the 
column  to  settle  the  alumina.  Add  1  cm 


of  anhydrous  sodium  sulfate  to  the  top 
of  the  alumina. 

10.3.3  Preelute  the  column  with  40  ml 
of  hexane.  Discard  this  eluate  and  just 
prior  to  exposure  of  the  sodium  sulfate 
layer  to  the  air,  transfer  the  2  ml  sample 
extract  onto  the  column,  using  an 
additional  2  ml  of  hexane  to  complete 
the  transfer. 

10.3.4  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air  add  35  ml 
hexane  and  continue  to  elution  of  the 
column.  Discard  this  hexane  eluate. 

10.3.5  Next  elute  the  column  with  140 
ml  of  20  percent  ethyl  ether/80  percent 
hexane  (V/V)  into  a  500  ml  K-D  flask 
equipped  with  a  10  ml  concentrator 
tube.  Elute  the  column  at  a  rate  of  about 
2  ml  per  minute  for  all  fractions. 
Concentrate  the  collected  fraction  by 
standard  K-D  technique.  No  solvent 
exchange  is  necessary.  After 
concentration  and  cooling  adjust  the 
volume  of  the  cleaned  up  extract  to  10 
ml  in  the  concentrator  tube  and  analyze 
by  gas  chromatography. 

11.  Gas  Chromatography. 

11.1  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  Examples  of 
the  separations  achieved  by  the  primary 
column  are  shown  in  Figures  1  and  2. 
Calibrate  the  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 

11.2  Inject  2-5  pi  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  pi)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  pi,  and  the  resulting 
peak  size,  in  area  units. 

11.3  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.4  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 

Concentration,  fig/  1= 

<VJ(VJ 
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Where: 

A=Calibration  factor  for  chromatographic 
system,  in  nanograms  materia!  per  area 
unit. 

B  =  Peak  size  in  injection  of  sample  extract,  in 
area  units 

V,  =  Volume  of  extract  injected  foil) 

V,  =  Volume  of  total  extract  (pi) 

V,  =  Volumeof  water  extracted  (ml) 

12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  A  ecu  racy  and  Precision. 

13.1  The  U.S.  EPA  Environmental 
Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  a  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I — Gas  Chromatography  of  Phthalate  Esters 


Compound 

Retention  time 
(min.) 

Detection 

(pg/l) 

Col.  1 

Col  .  2 

EC  * 

FID 

Dimethyl  phtha'3te  . 

2.03 

0.95 

0.11 

19 

Diethyl  phtha'ate  . 

282 

1.27 

013 

31 

Oi-n-butyi  phma  ate . . 

8.65 

3.50 

002 

14 

Benzyl  butyl  phthiate . 

8is(2-ethylhex/i 

*6.94 

**5.11 

002 

15 

phthalate . . 

*892 

**10.5 

0.04 

20 

Oi-n-octyl  phlha  aie  . . 

*16.2 

r*8.o 

0  11 

31 

■  Supelcoport  100/120  mesh  coated  with  1.5%  SP-2250/ 
i  95%  SP-2401  packed  in  a  ISO  cm  long  x  4  mm  ID  glass 
column  with  came-  gas  at  60  ml/min  flow  rate.  Column  tem¬ 
perature  is  ISO  C  except  where  *  indicates  220  C.  Under 
these  conditions  R  T.  of  Aldrin  is  5.49  mm.  at  180  C  and  1  84 
min  at  220  C.  u- 

“  Supeloopo-t  100/120  mesh  with  3%  OV-1  in  a  180  cm 
long  -;4  mm  ID  gass  column  with  carrier  gas  at  60  ml 'min 
flow  rate  Coium-i  temperature  is  200C  except  where  *•  indi¬ 
cates  220  C  Under  these  conditions  R.T.  of  Aldrin  is  3  18 
min  at  200 ’C  and  1  46  min.  at  220"C. 

'Detection  lim't  is  calculated  from  the  minimum  detectable 
GC  response  beng  egual  to  fixe  times  the  GC  background 
nose,  assuming  a  10  ml  final  volume  of  the  1  liter  sample  ex¬ 
tract.  and  assjm  ng  a  GC  injection  of  5  microliters 
SILLING  CODE  55S0-01-M 
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Figure  1.  Gas  chromatogram  of  phthalates 
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Figure  2.  Gas  chromatogram  of  phthalates 
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Nitrosamines — Method  607 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  nitrosamines. 
The  following  parameters  may  be 
determined  by  this  method: 

Parameter  Storet  No 

N-nitrosodimethylamine _ _ _  34438 

N-nitroso(*phenytamine. _  34433 

N -nitrcrsodi-n-propylaJTwne _ _ — ....  34428 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences.  . 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

1.5  The  analyst  must  understand  that 
nitrosamines  are  known  carcinogens. 
Utmost  care  must  be  exercised  in  the 
handling  of  materials  which  are  known 
or  believed  to  contain  nitrosamines. 

2.  Summary  of  Method. 

2.1  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  concentrated  to  a 
volume  of  10  ml  or  less.  Depending  upon 
the  nitrosamines  being  measured,  a 
column  cleanup  procedure  may  be 
required.  Chromatographic  conditions 
are  described  which  allow  for  the 
accurate  measurement  of  the 
compounds  in  the  extract. 

2.2  If  interferences  are  encountered, 
the  method  provides  selected  general 
purpose  cleanup  procedures  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 


purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  clean-up  techniques  are 
provided  as  part  of  this  method,  unique 
samples  may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  1. 

3.3  It  is  necessary  to  remove 
diphenylamine  from  the  sample  extract 
prior  to  gas  chromatography  because  it 
will  interfere  with  the  determination  of 
N-nitrosodiphenylamine.  Removal  is 
achieved  if  the  sample  is  processed 
completely  through  one  of  the  clean-up 
procedures  detailed  in  the  method. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottle.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnels — 2000  ml  and 
250  ml,  with  Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kuderna-Danish  (K-D)  Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°C).  The  bath 
should  be  used  in  a  hood. 


4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  nitrogen-phosphorus  or 
reductive  Hall  detector,  column 
supplies,  recorder,  gases,  syringes.  A 
data  system  for  measuring  peak  areas  is 
recommended. 

4.7  Chromatographic  column — Pyrex 
(approximately  300  mm  long  X  10  mm 
ID)  with  coarse  fritted  disc  at  bottom 
and  Teflon  stopcock  (Kontes  K-420540- 
0213  or  equivalent). 

4.8  Chromatographic  column — Pyrex 
(approximately  400  mm  long  X  22  mm 
ID)  with  coarse  fritted  disc  at  bottom 
and  Teflon  stopcock  (Kontes  K-420540- 
0234  or  equivalent). 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Soidium  hydroxide — (ACS)  10 
N  in  distilled  water. 

5.1.2  Sulfuric  acid — (ACS)  Mix  equal 
volumes  of  cone.  H2SO4  with  distilled 
water. 

5.1.3  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.3  Sodium  Sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°  C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/p\  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumertic 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Methyl  alcohol,  pentane, 
acetone — Pesticide  quality  or 
equivalent. 

5.6  Diethyl  Ether — Nanograde, 
redistilled  in  glass  if  necessary. 

5.6.1  Must  be  free  of  peroxides  as 
indicated  by  EM  Quant  test  strips.  (Test 
strips  are  available  from  EM 
Laboratories,  Inc.,  500  Executive  Blvd., 
Elmsford,  N.Y.  10523.) 

5.6.2  Procedures  recommended  for 
removal  of  peroxides  are  provided  with 
the  test  strips.  After  cleanup.  20  ml  ethyl 
alcohol  preservative  must  be  added  to 
each  liter  of  ether. 

5.7  Florisil — PR  grade  (60/100  mesh); 
purchase  activiated  at  1250°  F  and  store 
in  dark  in  glass  containers  with  glass 
stoppers  or  foil-lined  screw  caps.  Before 
use.  activate  each  batch  at  least  16 
hours  at  130°  C  in  a  foil  covered  glass 
container. 
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5.8  Alumina — Activity  Super  I,  Basic, 
W200  series  (ICN  Life  Sciences  Group, 
No.  404571). 

5.9  Hydrochloric  acid,  10%-(ACS) 
Add  one  volume  of  cone.  HC1  to  nine 
volumes  distilled  water. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
backet  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/1  in 
the  final  extract,  for  example,  prepare 
standards  at  10  ju.g/1,  50  p.g/1, 100  p.g/1, 
500  p.g/1,  etc.  so  that  injections  of  1-5  p.1 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establishe  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectorscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 


collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  ip  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  they  must  be  preserved  as 
follows: 

8.2.1  Add  35  mg  of  sodium 
thiosulfate  per  part  per  million  of  free 
chlorine  per  liter  of  sample. 

8.2.2  Adjust  the  pH  of  the  water 
sample  to  pH  7  to  10  using  sodium 
hydroxide  or  sulfuric  acid.  Record  the 
volume  of  acid  or  base  added. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  7  to  10  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  It  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  separatory 
funnel. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  250-ml  separatory  funnel. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Add  10  ml  of  10%  HC1 
solution  to  the  combined  extracts  and 
shake  for  2  minutes.  Allow  the  layers  to 
separate.  Drain  the  methylene  chloride 
layer  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 


with  a  10  ml  concentrator  tube.  Rinse 
the  column  with  20-30  ml  methylene 
chloride  to  complete  the  quantitative 
transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°  C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  the  15-20  minutes.  At  the  proper  rate 
of  distillation  the  balls  of  the  column 
will  actively  chatter  but  the  chambers 
will  not  flood.  Because  of  the  volatility 
of  N-nitrosodimethylamine,  K-D 
concentration  must  be  carefully  carried 
out.  When  the  apparent  volume  of  liquid 
reaches  1  ml,  remove  the  K-D  apparatus 
and  allow  it  to  drain  for  at  least  10 
minutes  while  cooling.  Remove  the 
Snyder  column  and  rinse  the  flask  and 
its  lower  joint  into  the  concentrator  tube 
with  1-2  ml  of  methylene  chloride.  A  5- 
ml  syringe  is  recommended  for  this 
operation.  Unless  the  entire  extract  will 
be  subjected  to  a  cleanup  operation 
(Section  10),  adjust  the  extract  volume 
to  10.0  ml  with  methylene  chloride,  add 
stopper,  and  refrigerate. 

9.6  If  the  sample  is  being  analyzed 
for  N-nitrosodiphenylamine,  the  analyst 
must  immediately  proceed  with  one  of 
the  cleanup  methods  in  Section  10  to 
remove  potential  diphenylamine 
interference.  Depending  upon  the 
sensitivity  requirement  for  the  analysis, 
the  analyst  may  use  the  entire  extract 
for  this  cleanup  as  described,  or  adjust 
the  extract  volume  to  10.0  ml  with 
methylene  chloride  and  pipet  a  2  ml 
aliquot  onto  the  column  in  10.2.2  or 
10.3.3. 

9.7  If  N-nitrosodiphenylamine  is  of 
no  interest,  the  analyst  must  choose 
between  proceeding  directly  to  Section 
II,  or  submitting  the  extract  to  a  cleanup 
procedure  before  gas  chromatography.  A 
solvent  exchange  from  methylene 
chloride  to  methyl  alcohol  is  required  for 
direct  gas  chromatography.  Once  the 
entire  extract  is  in  methyl  alcohol  it 
cannot  be  treated  to  either  of  the 
cleanup  procedures  in  Section  10. 
Therefore,  in  the  absence  of  previous 
experience  with  the  sample  matrix,  the 
analyst  should  remove  a  2.0  ml  aliquot 
of  the  extract  for  gas  chromatography 
and  retain  the  remainder  for  cleanup  if 
required  later. 

9.8  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
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1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Cleanup  and  Separation. 

10.1  If  the  entire  extract  is  to  be 
cleaned  up  by  one  of  the  following 
procedures,  it  must  be  concentrated  to 
2.0  ml.  To  the  concentrator  tube  in  9.5, 
add  a  clean  boiling  chip  and  attach  a 
two-ball  micro-Snyder  column.  Prewet 
the  column  by  adding  about  0.5  ml 
methylene  chloride  to  the  top.  Place  the 
K-D  apparatus  on  a  steaming  hot  (60- 
65°  C)  water  bath  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water.  Adjust  the  vertical 
position  of  the  apparatus  and  the  water 
temperature  as  required  to  complete  the 
concentration  in  5-10  minutes.  At  the 
proper  rate  of  distillation  the  balls  of  the 
column  will  actively  chatter  but  the 
chambers  will  not  flood.  When  the 
apparent  volume  of  liquid  reaches  about 
0.5  ml.  remove  the  K-D  and  allow  it  to 
drain  for  at  least  10  minutes  while 
cooling.  Remove  the  micro-Snyder 
column  and  rinse  its  lower  joint  into  the 
concentrator  tube  with  0.2  ml  of 
methylene  chloride.  Adjust  the  final 
volume  to  2.0  ml  and  proceed  with  one 
of  the  following  cleanup  procedures. 

10.2  Florisil  Column  Cleanup  for 
Nitrosamines 

10.2.1  Place  22g  of  activated  Florisil 
in  a  22  mm  ID  chromatographic  column. 
After  settling  the  Florisil  by  tapping  the 
column.add  about  a  5  mm  layer  of 
anhydrous  granular  sodium  sulfate  to 
the  top. 

10.2.2  Preelute  the  column,  after 
cooling,  with  40  ml  of  15%  ethyl  ether/ 
85%  pentane.  Discard  the  eluate  and  just 
prior  to  exposure  of  the  sodium  sulfate 
layer  to  air,  quantitatively  transfer  2.0 
ml  of  sample  extract  into  the  column  by 
decantation  using  an  additional  2  ml  of 
pentane  to  complete  the  transfer. 

10.2.3  Perform  the  first  elution  with 
90  ml  of  15%  ethyl  ether/85%  pentane 
(V/V)  and  discard  the  eluate.  This 
fraction  will  contain  any  diphenylamine. 

10.2.4  Perform  the  second  elution 
with  100  ml  of  5%  acetone/95%  ethyl 
ether  (V/V)  and  collect  the  eluate  in  a 
500-ml  K-D  flask  equipped  with  a  10-ml 
concentrator  tube.  This  fraction  will 
contain  all  of  the  nitrosamines. 

10.2.5  Add  15  ml  of  methanol  to  the 
collected  eluate  and  concentrate  as  in 

9.5  at  70-75°C,  substituting  pentane  for 
methylene  chloride. 

10.2.6  Analyze  by  gas 
chromatography. 

10.3  Alumina  Column  Cleanup  for 
Nitrosamines 

10.3.1  Place  lOOg  of  alumina,  as  it 
comes  from  the  manufacturer,  into  a  500 
ml  reagent  bottle  and  add  2  ml  of 
distilled  water,  which  is  free  of 
nitrosamines  and  interferences.  Mix  the 


alumina  preparation  thoroughly  by 
shaking  or  rolling  for  10  minutes  and  let 
it  stand  for  at  least  2  hours.  The 
preparation  should  be  homogeneous 
before  use.  Keep  the  bottle  sealed  tightly 
to  ensure  proper  activity. 

10.3.2  Place  12  grams  of  the  alumina 
preparation  into  a  10  mm  ID 
chromatographic  column  and  tap  the 
column  to  settle  the  alumina.  Add  1-2 
cm  of  anhydrous  sodium  sulfate  to  the 
top  of  the  alumina. 

10.3.3  Preelute  the  column  with  10  ml 
of  30%  ethyl  ether/70%  pentane  (V/V). 
Discard  the  eluate  (about  2  ml)  and,  just 
prior  to  exposure  of  the  sodium  sulfate 
layer  the  air,  transfer  2.0  ml  of  sample 
extract  onto  the  column  by  decantation 
using  an  additional  2  ml  of  pentane  to 
complete  the  transfer. 

10.3.4  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air,  add  70  ml 
of  30%  ethyl  ether/70%  pentane.  Discard 
the  first  10  ml  of  eluate  but  collect  the 
rest  of  the  eluate  in  a  500-ml  K-D  flask 
equipped  with  a  10  ml  concentrator 
tube.  This  fraction  contains  N- 
nitrosodiphenylamine  and  probably  a 
small  amount  of  N-nitrosodi-n- 
propylamine. 

10.3.5  Next  elute  the  column  with  60 
ml  of  50%  ethyl  ether/50%  pentane, 
collecting  the  eluate  in  a  second  K-D 
flask  equipped  with  a  10  ml  concentrator 
tube.  Add  15  ml  methyl  alcohol  to  the  K- 
D.  This  fraction  will  contain  N- 
nitrosodimethylamine,  most  of  the  N- 
nitrosodi-n-propylamine  and  any 
diphenylamine. 

10.3.6  Concentrate  both  fractions  as 
in  9.5  substituting  pentane  for  methylene 
chloride. 

10.3.7  Analyze  by  gas 
chromatography. 

11.  Gas  Chromatography. 

11.1  N-nitrosodiphenylamine 
completely  reacts  to  form 
diphenylamine  at  normal  operating 
temperatures  of  the  GC  injection  port 
Therefore,  N-nitrosodiphenylamine  is 
actually  chromatographed  and  detected 
as  diphenylamine.  The  determination  of 
either  of  the  compounds  in  the  original 
sample  would  be  uncertain  without  the 
use  of  one  of  the  previous  cleanup 
procedures  which  separate  the  two 
compounds. 

11.2  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  Examples  of 
the  separations  achieved  by  the  primary 
column  are  shown  in  Figures  1  and  2. 
Calibrate  the  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 


11.3  If  the  extract  has  not  been 
submitted  to  one  of  the  cleanup 
procedures  in  Section  10,  it  is  necessary 
to  exchange  the  solvent  from  methylene 
chloride  to  methyl  alcohol  before  the 
thermionic  detector  can  be  used.  To  a  1- 
10  ml  volume  of  methylene  chloride 
extract  in  a  concentrator  tube,  add  2  ml 
methyl  alcohol,  and  a  clean  boiling  chip. 
Attach  a  two-ball  micro-Snyder  column. 
Prewet  the  column  by  adding  about  0.5 
ml  methylene  chloride  through  the  top. 
Place  the  K-D  apparatus  on  a  boiling 
water  bath  so  that  the  concentrator  tube 
is  partially  immersed  in  the  hot  water. 
Adjust  the  vertical  position  and  insulate 
the  apparatus  as  necessary  to  complete 
the  concentration  in  5-10  minutes.  At 
the  proper  rate  of  distillation  the  balls  of 
the  column  will  actively  chatter  but  the 
chambers  will  not  flood.  When  the 
apparent  volume  of  liquid  reaches  about 
0.5  ml,  remove  the  K-D  and  allow  it  to 
drain  for  at  least  10  minutes  while 
cooling.  Remove  the  micro-Snyder 
column  and  rinse  its  lower  joint  into  the 
concentrator  tube  with  0.2  ml  of  methyl 
alcohol.  Adjust  the  final  volume  to  2.0 
ml. 

11.4  Inject  2-5  ju.1  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  p.1)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  /xl,  and  the  resulting 
peak  size,  in  area  units. 

11.5  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.6  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 


(VJ  (V.) 

Where: 

A = Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B=Peak  size  in  injection  of  sample  extract,  in 
area  units 

V4= Volume  of  extract  injected  (/xl) 

Vt= Volume  of  total  extract  (/il) 

V,=Volume  of  water  extracted  (ml) 

12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision. 
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The  U.S.  EPA  Environmental 
Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I.— Gas  Chromatography  of  Nitrosamines 


Retention  time 
(min) 


Nitrosamme 

Col.  1* 

..  _  Detection 

Col.  2*  limit 

N-nltrosodibimethytamine _ 

4.1 

0.88 

0.3 

N-nttrosodi-ndipropylamine . 

12.1 

4.2 

0.5 

N-nrtrosodidiphenyfamine . 

M2.8 

"6.4 

1.0 

1  Chromosorb  WAW  80/100  mesh  coated  with  10% 
Carbowax  20M/2%  KOH  packed  in  a  180  cm  long  x  4  mm  10 
glass  column  with  helium  earner  gas  at  40  ml/min  flow  rate. 
Isothermal  column  temperature  is  1 10C  except  where  * 
indicates  220°C. 

1  Supelcopon  100/120  mesh  coated  with  10%  SP-2250 
packed  in  a  180  cm  long  x  4  mm  10  glass  column  with  helium 
carrier  gas  at  40  ml/min  now  rate.  Isothermal  column 
temperatuie  is  120’C  except  where  **  indicates  210'C. 

5  Detection  limit  is  calculated  from  the  minimum  detectable 
GC  response  being  equal  to  five  times  the  GC  background 
noise,  assuming  a  10  ml  final  volume  of  the  1  liter  sample 
extract,  and  assuming  a  GC  injection  of  5  microliters.  A 
nitrogren-phosphorus  detector  was  used  to  coiled  this  data, 
but  a  Thermal  Energy  Analyzer  exhibited  equivalent  sensitivity. 
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Figure  2.  Gas  chromatogram  of  N*nitrosodiphenylamine 
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Organochlorine  Pesticides  and PC3's — 
Method  608 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  organochlorine 
pesticides  and  polychlorinated 
biphenyls  (PCBs).  The  following 
parameters  may  be  determined  by  this 


method: 

Parameter: 

Aldrin. 

Storet  No. 

.  39330 

a-BHC . 

.  39337 

b-BHC . 

.  39338 

d-BHC . 39259 

g-BHC .  39340 

Chlordane .  39350 

4.4--000 .  39310 


4^4-DDT  . 

39300 

39380 

34361 

34356 

34351 

39390 

34366 

Heptachlor . . 

39410 

39420 

39400 

PCB-1016 . . . 

34671 

PCB-1221 . 

39488 

PCB-1232 . 

39492 

PCB-1242 . ;. _ _ 

39496 

PCB-1248  . 

39500 

PCB-1254 . 

39504 

PCB-1260 

a9508 

1.2  This  method  is  applicable  to  the 

determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  concentrated  to  a 
volume  of  10  ml  or  less. 

Chromatographic  conditions  are 
described  which  allow  for  the  accurate 
measurement  of  the  compounds  in  the 
extract. 

2.2  If  interferences  are  encountered, 
the  method  provides  selected  general 
purpose  cleanup  procedures  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 


may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  cleanup  techniques  are  provided 
as  part  of  this  method,  unique  samples 
may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  1. 

3.3  Glassware  must  be  scrupulously 
clean.  Clean  all  glassware  as  soon  as 
possible  after  use  by  rinsing  with  the 
last  solvent  used.  This  should  be 
followed  by  detergent  washing  in  hot 
water.  Rinse  with  tap  water,  distilled 
water,  acetone  and  finally  pesticide 
quality  hexane.  Heavily  contaminated 
glassware  may  require  treatment  in  a 
muffle  furnace  at  400°C  for  15  to  30 
minutes.  Some  high  boiling  materials, 
such  as  PCBs,  may  not  be  eliminated  by 
this  treatment.  Volumetric  ware  should 
not  be  heated  in  a  muffle  furnace. 
Glassware  should  be  sealed/stored  in  a 
clean  environment  immediately  after 
drying  or  cooling  to  prevent  any 
accumulation  of  dust  or  other 
contaminants.  Store  inverted  or  capped 
with  aluminum  foil. 

3.4  Interferences  by  phthalate  esters 
can  pose  a  major  problem  in  pesticide 
analysis.  These  materials  elute  in  the 
15%  and  50%  fractions  of  the  Florisil 
cleanup.  They  usually  can  be  minimized 
by  avoiding  contact  with  any  plastic 
materials.  The  contamination  from 
phthalate  esters  can  be  completely 
eliminated  with  the  use  of  a 
microcoulometric  or  electrolytic 
conductivity  detector. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 


must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kudema-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked  at  1.0  and  10.0  ml  level.  Ground 
glass  stopper  (size  19/22  joint)  is  used  to 
prevent  evaporation  of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K 503000-0121  or 
equivalent). 

4.4.4  Boiling  chips — extracted, 
approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  acessories 
including  electron  capture  or  halogen- 
specific  detector,  column  supplies, 
recorder,  gases,  syringes.  A  data  system 
for  measuring  peak  areas  is 
recommended. 

4.7  Chromatographic  column — Pyrex, 
400  mm  X  25  mm  OD,  with  coarse 
fritted  plate  and  Teflon  stopcock 
(Kontes  K-42054-213  or  equivalent). 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid  (1  +  1) — (ACS)  Mix 
equal  volumes  of  cone.  HaSO«  with 
distilled  water. 

5.2  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.3  Sodium  Sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/p\  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 
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5.5  Boiling  chips — Hengar  granules 
(Hengar  Co.:  Fisher  Co.)  or  equivalent. 

5.6  Mercury — triple  distilled. 

5.7  Aluminum  oxide — basic  or 
neutral,  active. 

5.8  Hexane — pesticide  residue 
analysis  grade. 

5  9  Isooctane  (2.2, 4- trimethyl 
pentane) — pesticide  residue  analysis 
grade. 

5.10  Acetone — pesticide  residue 
analysis  grade. 

5.11  Diethyl  ether — Nanograde, 
redistilled  in  glass  if  necessary. 

5.11.1  Must  be  free  of  peroxides  as 
indicated  by  EM  Quant  test  strips  (Test 
strips  are  available  from  EM 
Laboratories.  Inc.,  500  Executive  Blvd., 
Elmsford.  N.Y„  10523). 

5.1.2  Procedures  recommended  for 
removal  of  peroxides  are  provided  with 
the  test  strips.  After  cleanup  20  ml  ethyl 
alcohol  preservative  must  be  added  to 
each  liter  of  ether. 

5.12  Florisil — PR  grade  (60/100 
mesh):  purchase  activated  at  1250°F  and 
store  in  glass  containers  with  glass 
stoppers  or  foil-lined  screw  caps.  Before 
use  activate  each  batch  at  least  16  hours 
at  130°C  in  a  foil  covered  glass 
container. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  p.g/1  in 
the  final  extract,  for  example,  prepare 
standards  at  10  p.g/1.  50  pg/1, 100  p.g/1, 
500  fig/l.  etc.,  so  that  injections  of  1-5  p.1 
of  each  calibration -standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  The  cleanup  procedure  in  Section 
10  utilizes  Florisil  chromatography. 
Florisil  from  different  batches  or  sources 
may  vary  in  absorption  capacity.  To 
standardize  the  amount  of  Florisil  which 
is  used,  the  use  of  lauric  acid  value 
(Mills.  1968)  is  suggested.  The 
referenced  procedure  determines  the 
adsorption  from  hexane  solution  of 
lauric  acid  (mg)  per  gram  Florisil.  The 
amount  of  Florisil  to  be  used  for  each 
column  is  calculated  by  dividing  this 


factor  into  110  and  multiplying  by  20 
grams. 

6.4  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection.  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection  " 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted 
within  7  days  apd  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-0  with 
sodium  hydroxide  or  sulfuric  acid. 


9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 

Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than  • 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  enploy  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-m(  volume  of 
methylene  chloride  to  the  sample'bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

9.6  Increase  the  temperature  of  the 
hot  water  bath  to  about  BC’C. 
Momentarily  remove  the  Snyder  column, 
add  50  ml  of  hexane  and  a  new  boiling 
chip  and  reattach  the  Snyder  column. 
Pour  about  1  ml  of  hexane  into  the  top  of 
the  Snyder  column  and  concentrate  the 
solvent  extract  as  before.  The  elapsed 
time  of  concentration  should  be  5  to  10 
minutes.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  at  least 
10  minutes  while  cooling.  Remove  the 
Snyder  column  and  rinse  the  flask  and 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


69503 


its  lower  joint  into  the  concentrator  tube 
with  1-2  ml  of  hexane,  and  adjust  the 
volume  to  10  ml.  A  5-ml  syringe  is 
recommended  for  this  operation. 

Stopper  the  concentrator  tube  and  store 
refrigerated  if  further  processing  will  not 
be  performed  immediately.  If  the  sample 
extract  requires  no  further  cleanup, 
proceed  with  gas  chromatographic 
analysis.  If  the  sample  requires  cleanup, 
proceed  to  Section  10. 

9.7  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  rtiark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Cleanup  and  Separation. 

10.1  Cleanup  procedures  are  used  to 
extend  the  sensitivity  of  a  method  by 
minimizing  or  eliminating  interferences 
that  mask  or  otherwise  disfigure  the  gas 
chromatographic  response  to  the 
pesticides  and  PCB's.  The  Florisil 
column  allows  for  a  select  fractionation 
of  the  compounds  and  will  eliminate 
polar  materials.  Elemental  sulfur 
interferes  with  the  electron  capture  gas 
chromatography  of  certain  pesticides 
but  can  be  removed  by  the  techniques 
described  below. 

10.2  Florisil  Column  Cleanup 

10.2.1  Add  a  weight  of  Florisil, 
(nominally  2lg.)  predetermined  by 
calibration  (6.3,  6.4).  to  a 
chromatographic  column.  Settle  the 
Florisil  by  tapping  the  column.  Add 
sodium  sulfate  to  the  top  of  the  Florisil 
to  form  a  layer  1-2  cm  deep.  Add  60  ml 
of  hexane  to  wet  and  rinse  the  sodium 
sulfate  and  Florisil.  Just  prior  to 
exposure  of  the  sodium  sulfate  to  air, 
stop  the  elution  of  the  hexane  by  closing 
the  stopcock  on  the  chromatography 
column.  Discard  the  eluate. 

10.2.2  Adjust  the  sample  extract 
volume  to  10  ml  and  transfer  it  from  the 
K-D  concentrator  tube  to  the  Florisil 
column.  Rinse  the  tube  twice  with  1-2 
ml  hexane,  adding  each  rinse  to  the 
column. 

10.2.3  Place  a  500  ml  K-D  flask  and 
clean  concentrator  tube  under  the 
chromatography  column.  Drain  the 
column  into  the  flask  until  the  sodium 
sulfate  layer  is  nearly  exposed.  Elute  the 
column  with  200  ml  of  6%  ethyl  ether  in 
hexane  (Fraction  1)  using  a  drip  rate  of 
about  5  ml/min.  Remove  the  K-D  flask 
and  set  aside  for  later  concentration. 
Elute  the  column  again,  using  200  ml  of 
15%  ethyl  ether  in  nexane  (Fraction  2), 
into  a  second  K-D  flask.  Perform  the 
third  elution  using  200  ml  of  50%  ethyl  in 
hexane  (Fraction  3).  The  elution  patterns 
for  the  pesticides  and  PCB’s  are  shown 
in  Table  II. 


10.2.4  Concentrate  the  eluates  by 
standard  K-D  techniques  (9.5), 
substituting  hexane  for  the  glassware 
rinses  and  using  the  water  bath  at  about 
85°  C.  Adjust  final  volume  to  10  ml  with 
hexane.  Analyze  by  gas 
chromatography. 

10.3  Elemental  sulfur  will  usually 
elute  entirely  in  Fraction  1.  To  remove 
sulfur  interference  from  this  fraction  or 
the  original  extract,  pipet  1.00  ml  of  the 
concentrated  extract  into  a  clean 
concentrator  tube  or  Teflon-sealed  vial. 
Add  1-3  drops  of  mercury'  and  seal. 
Agitate  the  contents  of  the  vial  for  15-30 
seconds.  Place  the  vial  in  an  upright 
position  on  a  reciprocal  laboratory 
shaker  and  shake  for  2  hours.  Analyze 
by  gas  chromatography. 

11.  Gas  Chromatography. 

11.1  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  Examples  of 
the  separations  achieved  by  these 
columns  are  shown  in  Figures  1  through 
10.  Calibrate  the  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 

11.2  Inject  2-5  /xl  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  ptl)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  ju.1,  and  the  resulting 
peak  size,  in  area  units. 

11.3  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.4  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 

Concentration,  jig/t  = 

MHO 

Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B  -  Peak  size  in  injection  of  sample  extract,  in 
area  units 

V,  =  Volume  of  extract  injected  (pi) 

V,  =  Volume  of  total  extract  (pi) 

V,  =  Volume  of  water  extracted  (ml) 


12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision. 

13.1  The  U.S.  EPA  Environmental 
Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I.  —Gas  Chromatography  of  Pe^ades  and 
PCB's 


Retenban  Isms 
(mm) 

_ Detection 

Newt 

Parameter  Col.  I  *  Co).?  *  (j*g /  II  * 


Aldrm . 

.  2  40  • 

4  10 

0  003 

a-BHC . 

.  135 

1.82 

0.002 

b-BHC . . 

.  1.93 

19? 

0004 

d-BHC . 

.  2  15  / 

220 

0004 

g-BHC . 

.  1  TO 

213 

0.002 

Chlordane . 

.  (’> 

Cl 

0.04 

4.4 1 -COD  . 

.  T  33 

908 

0.012 

4.4 1 -DDE . 

.  5.13 

715 

0006 

4,4t-DDT . 

9  40 

11  75 

0016 

Dieldnn . 

.  5  45 

7  23 

0006 

Endosultan  1 . 

.  450 

620 

0005 

Endosulfan  II . 

. 800 

828 

0.01 

Endosullan  sulfate . 

.  14  22 

1070 

0.03 

Endrin . 

.  6  55 

8  10 

0009 

Endrin  aldehyde . 

.  1182 

930 

0023 

Heptachlor . 

203 

3.35 

0.002 

Heptachlor  epoxide . 

.  3  53 

500 

0.004 

Toxaphene . 

Cl 

Cl 

040 

PCB-1016 . 

(•» 

Cl 

004 

PCB-1221 . 

Cl 

Cl 

o.to 

PCB-1232 . 

Cl 

Cl 

010 

PCB-1242 . 

Cl 

c> 

005 

PCB-1248 . 

Cl 

Cl 

003 

PCB-1254  . 

Cl 

Cl 

003 

PCB-1260 . 

Cl 

e» 

0  15 

”  Supelcopon  100/120  mesh  coated  with  1 .5*4  9P-225Q/ 
1.95%  SP-2401  packed  in  a  160  cm  long  *  4  mm  tO  glass 
column  with  5%  Methane/95%  Argon  earner  gas  at  60  mt/mm 
flow  rate.  Column  temperature  is  200’C. 

’Supelcoport  100/120  mesh  coated  with  3*1  OV-I  in  a  180 
cm  long  x  4  mm  10  glass  column  with  5%  Methane/35% 

Argon  carrier  gas  at  60  ml/min  flow  rate  Column  temperature 
is  200‘C. 

3 Detection  limit  is  calculated  from  the  minimum  detectable 
QC  response  being  equal  to  five  times  the  GC  background 
noise,  assuming  a  10  ml  final  volume  of  the  1 1- ter  sample 
extract,  and  assuming  a  GC  injection  of  5  microt-ters 

•Multiple  peak  response  See  Figures  2-10 
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Table  II.  —Distribution  and  Recovery  of  Chlorinated 
Pesticides  and  PCBs  Using  Florisil  Column 
Chromatography 


Parameter 


Recovery  (percent)  by 
fraction  1 


2  (15  3  (50 

1(6  pet.)  pet.)  pet.) 


Atdrrn . . . 

a-BHC . 

b-BHC  . 

d-BHC  . 

100 

100 

97 

98 

g-BHC  . 

100 

100 

4.4  -ODD . 

99 

4  4 '-ODE  . 

96 

4C4-DOT . 

100 

0 

100 

37 

64 

Endosulfan  II . 

0 

7 

91 

0 

0 

106 

4 

96 

0 

68 

26 

100 

100 

96 

PCB-1016 

97 

PCB-1221 . 

97 

PCS- 1232 . 

95 

4 

PCB-1242 . 

97 

PCB-1248 . 

103 

PCB-1254 . 

90 

PCB- 1260 . 

95 

•From:  "Development  and  Application  of  Test  Procedures 
for  Specific  Organic  Toxic  Substances  in  Wastewaters  Cate¬ 
gory  10-Pesticides  and  PCB's  Report  for  EPA  Contract  68- 
03-2606” 
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RETENTION  TIME-MINUTES  RETENTION  TIME-MINUTES 

.  Gas  chromatogram  of  pesticides  Figure  2.  Gas  chromatogram  of  chlordane 


69506 


c c 
O 

Q- 

o 

u 

Gu 

Q- 

3 

to 

Z 

o 


o 

CNI 

ol 

l/J 

v*» 

O' 

U> 

Ol 


UJ 

cc 

3 

I— 

CL. 

< 

U 


♦ 
o 
in  •  2 
ol  o  o 

No  H 
I  o  “* 

a.S»" 

l/l  t—  O 

vO  ULI 
O'  -  -  I 

m  UJ  lu 
‘  DC 

..  H 

z  <  o 

§5u 

a.  ui 
o|tu 

O  h-  Q 


Federal  Register  /  Vol.  44.  No.  233  /  Monday.  December  3,  1979  /  Proposed  Rules 


) 


/ 


I  rv» 


=> 

r  ® 

la 

5 

H 

!o  2 

*"  o 


§ 

t 


«si 


Figure  4.  Gas  chromatogram  of  PCB-1016 


Figure  5.  Gas  chromatogram  of  PCB-1221 


COLUMN:  1.5%  SP-2250  ♦  1.95%  SP-2401  ON  SUPELCOPORT  COLUMN:  1.5%  SP-2250  ♦  1.95%  SP-2401  ON  SUPELCOPORT 

TEMPERATURE:  160#C.  TEMPERATURE:  160*C. 

DETECTOR:  ELECTRON  CAPTURE  1 1  DETECTOR:  ELECTRON  CAPTURE 
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Figure  8.  Gas  chromatogram  of  PCB-1248 
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Nitroaromatics  and  Isophorone — 
Method  609 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  nitroaromatics 
and  isophorone.  The  following 
parameters  may  be  determined  by  this 
method: 

Parameter:  Storet  No. 

Isophorone _ ..................  34408 

Nitrobenzene _ .................  34447 

2.4-Dmitrotoluene _ _ _ ............. ......  3461 1 

2,6-Dinitrotoluene . . . ....... - -  34626 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharege  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compunds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  exchanged  to 
toluene  while  being  concentrated  to  1.0 
ml.  Isophorone  and  nitrobenzene  are 
measured  by  flame  ionization  gas 
chromatography.  The  dinitrotoluenes 
are  measured  by  electron  capture  GC. 

2.2  If  interferences  are  encountered, 
the  method  provides  a  general  purpose 
cleanup  procedure  to  aid  the  analyst  in 
their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selectionrof  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 


general  clean-up  techniques  are 
provided  as  part  of  this  method,  unique 
samples  may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  I. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass.  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
mfnimize  interferences. 

4.1.2  Bottle  caps — Threaded  io  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kudema-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 

graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts.  ' 

4.4.2  Evaporative  flask — 600  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips-solvent  extracted, 
approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  both  electron  capture  and 
flame  ionization  detectors,  column 
supplies,  recorder,  gases,  syringes.  A 
data  system  for  measuring  peak  areas  is 
recommended. 

4.7  Chromatography  column— 400 
mm  long  x  10  mm  ID,  with  coarse  fritted 
plate  on  bottom  and  Teflon  stopcock. 

5.  Reagents. 

5.1  Preservatives: 


5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid  (1  +  1) — (ACS)  Mix 
equal  volumes  of  cone.  H2S04  with 
distilled  water 

5.2  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.3  Sodium  sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/ul  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Acetone,  Haxane,  Methanol, 
Toluene — pesticide  quality  or 
equivalent. 

5.6  Florisil — PR  grade  (60/100  mesh); 
purchase  activated  at  1250°F  and  store 
in  glass  containers  with  glass  stoppers 
or  foil-lined  screw  caps.  Before  use, 
activate  each  batch  overnight  at  200°C 
in  glass  containers  loosely  covered  with 
foil. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/l 
in  the  final  extract,  for  example,  prepare 
standards  at  10  pg/l,  50  pg/l,  100  pg/l, 
500  pg/l,  etc.  so  that  injections  of  1-5  pi 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  recessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
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blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 

Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 


techiques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (6Q-65°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1  ml.  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling.  Remove 
the  Snyder  column  and  rinse  the  flask 
and  its  lower  joint  into  the  concentrator 
tube  with  1-2  ml  of  methylene  chloride. 
A  5-ml  syringe  is  recommended  for  this 
operation. 

9.6  Add  1.0  ml  toluene  to  the 
concentrator  tube,  and  a  clean  boiling 
chip.  Attach  a  two-ball  micro-Snyder 
column.  Prewet  the  micro-Snyder 
column  by  adding  about  0.5  ml  of 
methylene  chloride  to  the  top.  Place  this 
micro-K-D  apparatus  on  a  water  bath 
(60-65°C)  so  that  the  concentrator  tube 
is  partially  immersed  in  the  hot  water. 
Adjust  the  vertical  position  of  the 
apparatus  and  water  temperature  as 
required  to  complete  the  concentration 
in  5  to  10  minutes.  At  the  proper  rate  of 
distillation  the  balls  will  actively  chatter 
but  the  chambers  will  not  flood.  When 
the  apparent  volume  of  liquid  reaches 
0.5  ml,  remove  the  K-D  apparatus  and 
allow  it  to  drain  for  at  least  10  minutes 
while  cooling.  Remove  the  micro-Snyder 
column  and  rinse  its  lower  joint  into  the 
concentrator  tube  with  a  small  volume 
of  toluene.  Adjust  the  final  volume  to  1.0 


ml  and  stopper  the  concentrator  tube 
and  store  refrigerated  if  further 
processing  will  not  be  performed 
immediately.  Unless  the  sample  is 
known  to  require  cleanup,  proceed  with 
gas  chromatographic  analysis. 

9.7  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Cleanup  and  Separation. 

10.1  Prepare  a  slurry  of  lOg  of 
activated  Florisil  in  10%  methylene 
chloride  in  hexane  (V/V).  Use  it  to  pack 
a  10  mm  ID  chromatography  column, 
gently  tapping  the  column  to  settle  the 
Florisil.  Add  1  cm  anhydrous  sodium 
sulfate  to  the  top  of  the  Florisil. 

10.1.1  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air  transfer 
the  1  ml  sample  extract  onto  the  column 
using  an  additional  2  ml  of  toluene  to 
complete  the  transfer. 

10.1.2  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air.  add  30  ml 
10%  methylene  chloride  in  hexane  and 
continue  the  elution  of  the  column. 
Elution  of  the  column  should  be  at  a  rate 
of  about  2  ml  per  minute.  Discard  the 
eluate  from  this  fraction. 

10.1.3  Next  elute  the  column  with  30 
ml  of  10%  acetone/90%  methylene 
chloride  (V/V)  into  a  500  ml  K-D  flask 
equipped  with  a  10  ml  concentrator 
tube.  Concentrate  the  collected  fraction 
by  the  K-D  technique  prescribed  in  9.5 
and  9.6,  including  the  solvent  exchange 
to  1  ml  toluene.  This  fraction  should 
contain  the  nitroaromatics  and 
isophorone. 

10.1.4  Analyze  by  gas 
chromatography. 

11.  Gas  Chromatography. 

11.1  Isophorone  and  nitrobenzene  are 
analyzed  by  injection  of  a  portion  of  the 
extract  into  a  gas  chromatograph  with  a 
flame  ionization  detector.  The 
dinitrotoluenes  are  analyzed  by  a 
separate  injection  into  an  electron 
capture  gas  chromatograph.  Table  I 
summarizes  some  recommended  gas 
chromatographic  column  materials  and 
operating  conditions  forlhe  instruments. 
Included  in  this  table  are  estimated 
retention  times  and  sensitivities  that 
should  be  achieved  by  this  method. 
Examples  of  the  separations  achieved 
by  the  primary  column  are  shown  in 
Figures  1  and  2.  Calibrate  the  system 
daily  with  a  minimum  of  three  injections 
of  calibration  standards. 

11.2  Inject  2-5  p.1  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  p.1)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  p.1,  and  the  resulting 
peak  size,  in  area  units. 
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11.3  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.4  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 


Concentration.  /xg/l*= 


(A)(B)(VJ 
(V,)  (V.) 


Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B=Peak  size  in  injection  of  sample  extract,  in 
area  units. 

V|= Volume  of  extract  injected  (p.1). 

V,= Volume  of  total  extract  (pi). 

Vs= Volume  of  water  extracted  (ml). 

12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision. 

The  U.S.  EPA  Environmental 
Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I.  —Gas  Chromatography  of  Nitroaromatics 
and  Isophorone 


Compound 

Retention  time  Detection  limit 
(min.)  (pg/l)> 

Col.  1 1  Col.  2*  EC  FID 

Isophorone .  4.49  5.72  _  5 

Nitrobenzene...™......™™ _ ...  3.31  4.31  ™™.™„.  5 


2.4-Drmtrotoluene . 

.  5.35 

654 

0.06  . 

2,6-Dmltrotoluene . 

.  3.52 

4.75 

0.06 _ 

'  Gas-Chrom  Q  80/100  mesh  coated  with  1.95%  OF-1/ 

1.5%  OV-17  packed  m  a  4'  x  V,"  OD  glass  column.  FID 
analysis  for  IP  and  NB  requires  nitrogen  caier  gas  at  44  ml/min 
and  85°C  column  temperature.  EC  analysis  for  the  DNTs 
requires  10%  Methane/90%  Argon  carrier  gas  at  44  ml/min 
flow  rate  and  145“C  column  temperature. 

!  Gas-Chrom  Q  80/100  mesh  coated  with  3%  OV-101 
packed  m  a  10'  x  V  OO  glass  column.  FID  analysis  of  IP  and 
NB  requires  nitrogen  carrier  gas  at  44  ml/min  flow  rate  and 
100'C  column  temperature  EC  analysis  for  the  DNTs  requires 
10%  Methane/90%  Argon  carrier  gas  at  44  ml/min  flow  rate 
and  150‘C  column  temperature. 

•Detec ton  limit  is  calculated  from  the  minimum  detectable 
GC  response  being  equal  to  five  times  the  GC  background 
noise,  assuming  a  10  ml  final  volume  of  the  1  liter  sample 
extract  and  assuming  a  GC  injection  of  5  microfliters. 

BILLING  CODE  6560-01-M 


COLUMN:  1.5%  OV-17*  1.95%  QF-1  ON  GAS  CHROM  0  COLUMN:  1.5%  OV-17*  1.95%  QF-1  ON  GAS  CHROM  Q 

TEMPERATURE:  35°C.  k  TEMPERATURE:  145*C. 

DETECTOR:  FLAME  IONIZATION  DETECTOR:  ELECTRON  CAPTURE 


Figure  2.  Gas  chromatogram  of  dinitrotoluenes 
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Polynuclear  Aromatic  Hydrocarbons — 
Method  610 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  polynuclear 
aromatic  hydrocarbons  (PAH).  The 
following  parameters  may  be 
determined  by  this  method: 


Parameter:  STORET  No 

Acenapfttftene _ _ _ ............ - -  34205 

Acenaphthylene .  34200 

Anthracene .  34220 

Benzo(a)anthracene .  34526 

Benzo(a)pyrene - - ...  34247 

Benzofluoranthene _ — — . .  34230 

Benzol  gfti)perylene -  34521 

Benzol  fluoranthene _ 34242 

Chrysene _ _ _  34320 

Dt>enzo(a,h)anthracene _ ... _ _  34656 

Fluoranthene .  34376 

Ruorene _ _ ........................................  3438 1 

Indenoi  1 ,2,3-oflpyrene .  34403 

Naphthalene _ ...................  34696 

Phenanthrene .  34461 

Pyrene .  34469 


1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
muncipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  This  method  contains  both  liquid 
and  gas  chromatographic  approaches, 
depending  upon  the  needs  of  the 
analyst.  The  gas  chromatographic 
procedure  cannot  adequately  resolve  the 
following  four  pairs  of  compounds: 
Anthracene  and  phenanthrene:  chrysene 
and  benzo(a)anthracene;  benzo(b) 
fluoranthene  and  benzo(k)fluoranthene; 
and  dibenzo(a,h)anthracene  and 
indeno(l,2,3-cd)pyrene.  Unless  the 
purposes  of  the  analysis  can  be  served 
by  reporting  a  sum  for  an  unresolved 
pair,  the  liquid  chromatographic 
approach  must  be  used  for  these 
compounds.  The  liquid  chromatographic 
method  will  resolve  all  of  the  16 
compounds  listed  above. 

1.4  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  listed 
in  Table  I  for  the  liquid  chromatographic 
approach  represent  sensitivities  that  can 
be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.5  This  method  is  recommended  for 
use  only  by  experienced  residue 
analysts  or  under  the  close  supervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  concentrated  to  a 


volume  of  10  ml  or  less. 
Chromatographic  conditions  are 
described  which  allow  for  the  accurate 
measurement  of  the  compounds  in  the 
extract  by  either  High  Performance 
Liquid  Chromatography  (HPLC)  or  gas 
chromatography. 

2.2  If  interferences  are  encountered, 
the  method  provides  a  selected  general 
purpose  cleanup  procedure  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  the  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While  a 
general  clean-up  technique  is  provided 
as  part  of  this  method,  unique  samples 
may  require  additional  clean-up 
approaches  to  acheive  the  sensitivities 
stated  in  Table  1. 

3.3  The  extent  of  interferences  that 
may  be  encountered  using  liquid 
chromatographic  techniques  has  not 
been  fully  assessed.  Although  the 
chromatographic  conditions  described 
allow  for  a  unique  resolution  of  the 
specific  PAH  compounds  covered  by 
this  method,  other  PAH  compounds  may 
interfere. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 


4.4  Kudema-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontex  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°  C).  The  bath 
should  be  used  in  a  hood. 

4.6  HPLC  Apparatus: 

4.6.1  Gradient  pumping  system, 
constant  flow. 

4.8.2  Reverse  phase  column,  5 
micron  HC-ODS  Sil-X,  250  mm  x  2.6  mm 
ID  (Perkin  Elmer  No.  809-0716  or 
equivalent). 

4.6.3  Fluorescence  detector,  for 
excitation  at  280  nm  and  emission  at  389 
nm. 

4.6.4  UV  detector,  254  nm,  coupled  to 
fluorescence  detector. 

4.6.5  Strip  chart  recorder  compatible 
with  detectors,  (A  data  system  for 
measuring  peak  areas  is  recommended). 

4.7  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  dual  flame  ionization 
detectors,  column  supplies,  recorder, 
gases,  syringes.  A  data  system  for 
measuring  peak  areas  is  recommended. 

4.8  Chromatographic  column — 250 
mm  long  X 10  mm  ID  with  coarse  fritted 
disc  at  bottom  and  Teflon  stopcock. 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Soa»um  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid — (ACS)  Mix  equal 
volumes  of  cone.  HaSO«  with  distilled 
water. 

5.1.3  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Methylene  chloride,  Pentane, 
Cyclohexane,  High  Purity  Water — HPLC 
quality,  distilled  in  glass. 

5.3  Sodium  sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°  C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/p.1  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
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solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Acetonitrile — Spectral  quality. 

5.6  Silica  gel — 100/120  mesh 
desiccant  (Davison  Chemical  grade  923 
or  equivalent).  Before  use,  activate  for  at 
least  16  hours  at  130°  C  in  a  foil  covered 
glass  container. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/1  in 
the  final  extract,  for  example,  prepare 
standards  at  10  jtg/1,  50  jig/1, 100  pg/1, 
500  p.g/1,  etc.  so  that  injections  of  1-5  p\ 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  HPLC  or 
gas  chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I 
or  II.  By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detectors  and  the  linear  range  of  the 
analytical  systems  for  each  compound. 

6.3  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  extists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 


such  as  fraction  collection  and  GC-mass 
spectroscopy  should  be  used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  adjust  the  sample  to  a  pH 
range  of  6.0-8.0  with  sodium  hydroxide 
or  sulfuric  acid  and  add  35  mg  sodium 
thiosulfate  per  part  per  million  of  free 
chlorine  per  liter. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
munimum  of  ten  minutes.  If  the  emulsion 
inteface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 


containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 
with  a  10-ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30-ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1-ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°  C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparatus  volumn 
of  liquid  reaches  1-ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling.  Remove 
the  Snyder  column  and  rinse  the  flask 
and  its  lower  joint  into  the  concentrator 
tube  with  1-2-ml  of  methylene  chloride. 
A  5-ml  syringe  is  recommended  for  this 
operation.  Stopper  the  concentrator  tube 
and  store  refrigerated  if  further 
processing  will  not  be  performed 
immediately. 

9.6  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000-ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5-ml. 

9.7  If  the  sample  requires  cleanup 

before  chromatographic  analysis, 
proceed  to  Section  10.  If  the  sample  does 
not  require  cleanup,  or  if  the  need  for 
cleanup  is  unkown,  analyze  an  aliquot 
of  the  extract  according  to  Section  11  or 
Section  12.  m 

10.  Cleanup  and  Separation. 

10.1  Before  the  silica  gel  cleanup 
technique  can  be  utilized,  the  extract 
solvent  must  be  exchanged  to 
cyclohexane.  Add  a  1-10-ml  aliquot  of 
sample  extract  (in  methylene  chloride) 
and  a  boiling  chip  to  a  clean  K-D 
concentrator  tube.  Add  4-ml 
cyclohexane  and  attach  a  micro-Snyder 
column.  Prewet  the  micro-Snyder 
column  by  adding  0.5-ml  methylene 
chloride  to  the  top.  Place  the  micro-K-D 
apparatus  on  a  boiling  (100°  C)  water 
bath  so  that  the  concentrator  tube  is 
partially  immersed  in  the  hot  water. 
Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  concentration  in  5- 
10  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
the  liquid  reaches  0.5-ml,  remove  K-D 
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apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling.  Remove 
the  micro-Snyder  column  and  rinse  its 
lower  joint  into  the  concentrator  tube 
with  a  minimum  of  cyclohexane.  Adjust 
the  extract  volume  to  about  2-ml. 

10.2  Silica  Gel  Column  Cleanup  for 
PAHs. 

10.2.1  Prepare  a  slurry  of  lOg 
activated  silical  gel  in  methylene 
chloride  and  place  this  in  a  10  mm  ID 
chromatography  column.  Gently  tap  the 
column  to  settle  the  silica  gel  and  elute 
the  methylene  chloride.  Add  1-2  cm  of 
anhydrous  sodium  sulfate  to  the  top  of 
the  silica  gel. 

10.2.2  Preelute  the  column  with  40-ml 
pentane.  Discard  the  eluate  and  just 
prior  to  exposure  of  the  sodium  sulfate 
layer  to  the  air,  transfer  the  2-ml 
cyclohexane  sample  extract  onto  the 
column,  using  an  additional  2-ml  of 
cyclohexane  to  complete  the  transfer. 

10.2.3  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air,  add  25- 
ml  pentane  and  continue  elution  of  the 
column.  Discard  the  pentane  eluate. 

10.2.4  Elute  the  column  with  25-ml  of 
40%  methylene  chloride/60%  pentane 
and  collect  the  eluate  in  a  500-ml  K-D 
flask  equipped  with  a  10-ml 
concentrator  tube.  Elution  of  the  column 
should  be  at  a  rate  of  about  2  ml/min. 

10.2.5  Concentrate  the  collected 
fraction  to  less  than  10-ml  by  K-D 
techniques  as  in  9.5,  using  pentane  to 
rinse  the  walls  of  the  glassware.  Proceed 
with  HPLC  or  gas  chromatographic 
analysis. 

11.  High  Performance  Liquid 
Chromatography  HPLC. 

11.1  To  the  extract  in  the 
concentrator  tube,  add  4  ml  acetonitrile 
and  a  new  boiling  chip,  then  attach  a 
micro-Snyder  column.  Increase  the 
temperature  of  the  hot  water  bath  to  95- 
100°  C.  Concentrate  the  solvent  as 
above.  After  cooling,  remove  the  micro- 
Snyder  column  and  rinse  its  lower  joint 
into  the  concentrator  tube  with  about  0.2 
ml  acetonitrile.  Adjust  the  extract 
volume  to  1.0  ml. 

11.2  Table  I  summarizes  the 
recommended  HPLC  column  materials 
and  operating  conditions  for  the 
instrument.  Included  in  this  table  are 
estimated  retention  times  and 
sensitivities  that  should  be  achieved  by 
this  method.  An  example  of  the 
separation  achieved  by  this  column  is 
shown  in  Figure  1.  Calibrate  the  system 
daily  with  a  minimum  of  three  injections 
of  calibration  standards. 

11.3  Inject  2-5  jil  of  the  sample 
extract  with  a  high  pressure  syringe  or 
sample  injection  loop.  Record  the 
volume  injected  to  the  nearest  0.05  pi, 
and  the  resulting  peak  size,  in  area 
units. 


11.4  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.5  If  the  peak  area  measurement  is 
prevented  by  the  pressure  of 
interference,  further  cleanup  is  required. 

11.6  The  UV  detector  is 
recommended  for  the  determination  of 
napthalene  and  acenaphthylene  and  the 
fluorescene  detector  is  recommended  for 
the  remaining  PAHs. 

12.  Gas  Chromatography. 

12.1  The  gas  chromatographic 
procedure  will  not  resolve  certain 
isomeric  pairs  as  indicated  in  Table  II. 
The  liquid  chromatographic  procedure 
(Section  11)  must  be  used  for  these 
materials. 

12.2  To  achieve  maximum  sensitivity 
with  this  method,  the  extract  must  be 
concentrated  to  1.0  ml.  Add  a  clean 
boiling  chip  to  the  methylene  chloride 
extract  in  the  concentrator  tube.  Attach 
a  two-ball  micro-Snyder  column.  Prewet 
the  micro-Snyder  column  by  adding 
about  0.5  ml  of  methylene  chloride  to  the 
top.  Place  this  micro-K-D  apparatus  on  a 
hot  water  bath  (60-65°  C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water.  Adjust  the  vertical 
position  of  the  apparatus  and  water 
temperature  as  required  to  complete  the 
concentration  in  5  to  10  minutes.  At  the 
proper  rate  of  distillation  the  balls  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  0.5  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling.  Remove 
the  micro-Snyder  column  and  rinse  its 
lower  joint  into  the  concentrator  tube 
with  a  small  volume  of  methylene 
chloride.  Adjust  the  final  volume  to  1.0 
ml  and  stopper  the  concentrator  tube. 

12.3  Table  II  describes  the 
recommended  gas  chromatographic 
column  material  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  that  should  be  achieved  by  this 
method.  Calibrate  the  gas 
chromatographic  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 

12.4  Inject  2-5  p.1  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  pi)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  pi,  and  the  resulting 
peak  size,  in  ara  units. 

12.5  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

12.6  If  the  peak  ara  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

13.  Calculations. 


13.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 

Concentration,  ug/1  »  {ft 

(VJ(VJ 

Where: 

A = Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B=Peak  size  in  injection  of  sample  extract,  in 
area  units 

Vt= Volume  of  extract  injected  (pi) 
Vt=Volume  of  total  extract  (pi) 

V,= Volume  of  water  extracted  (ml) 

13.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

14.  Accuracy  and  Precision. 

14.1  The  U.S.  EPA  Environmental 
Monitoring  and  Support  Laboratory  in 
Cincinnati  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  determine  the  accuracy  and 
precision  of  this  test  procedure. 
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Table  I. — High  Performance  Liquid  Chromatography 
of  PAH’s 


Compound  '  Retention  Detection  limit  (pg/l) 1 
time  (min) 

UV  Fluorescence 


Naphthalene . 

16.17 

2.5 

20.0 

Acenaphthylene . 

18.10 

5.0 

100.0 

Acenaphthene . 

20.14 

3.0 

4.0 

Fluorene . 

2089 

0.5 

2.0 

Phenanthrene . 

22.32 

0.25 

1.2 

Anthracene . 

23  78 

0.10 

1.5 

Fluoranthene . 

2500 

050 

0.05 

Pyrene . 

25  94 

0.10 

0.05 

Benzo(a)anthracene . 

29  26 

0.20 

0.04 

Chrysene . 

30.14 

020 

0.5 

Benzo(b)fiuoranthene ... 

3244 

1.0 

0.04 

Benzo(k)tluoranthene. ... 

33.91 

0.30 

004 

Benzo(a)pyrene . 

34.95 

0.25 

004 

Dibenzo(a.h)anthracene 

37.06 

1.0 

008 

Benzo(ghi)perylene . 

37.82 

0.75 

0.2 

lndeno(1 ,2,3-cd)pyrene. 

39.21 

0.30 

0.1 

■HPLC  conditions:  Reverse  phase  HC-ODS  Sil-X  2.6  x 
250  mm  Perkin-Elmer  column;  isocratic  elution  for  5  min. 
using  40%  acetonitrile/60%  water,  then  linear  gradient  elu¬ 
tion  to  100%  acetonitrile  over  25  minutes;  flow  rate  is  0.5  ml/ 
min. 

1  Detection  limit  is  calculated  from  the  minimum  detectable 
HPLC  response  being  equal  to  five  times  the  background 
noise,  assuming  an  equivalent  of  a  2  ml  final  volume  of  the 

1  liter  sample  extract,  and  assuming  an  HPLC  injection  of 

2  microliters. 

Table  II.— Gas  Chromatography  of  PAHs 


Compound  *  Retention 

Time  (min) 


4.5 

10.4 

10.8 

Fluorene . 

12.6 
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purpose  cleanup  procedure  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware,  and 
other  sample  processing  hardware  may 
yield  discrete  artificats  and/or  elevated 
baselines  causing  misinterpretation  of 
gas  chromatograms.  All  of  these 
materials  must  be  demonstrated  to  be 
free  from  interferences  under  the 
conditions  of  the  analysis  by  running 
method  blanks.  Specific  selection  of 
reagents  and  purification  of  solvents  by 
distillation  in  all-glass  systems  may  be 
required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  clean-up  techniques  are 
provided  as  part  of  this  method,  unique 
samples  may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
stated  in  Table  I. 

3.3  Dichlorobenzenes  are  known  to 
coelute  with  haloethers  under  some  gas 
chromatographic  conditions.  If  these 
materials  are  present  together  in  a 
sample,  it  may  be  necessary  to  analyze 
the  extract  with  two  different  column 
packings  to  completely  resolve  all  of  the 
compounds. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  in  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kuderna-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/22 
joint)  is  used  to  prevent  ecaporation  of 
extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 


Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three  ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10Ao  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  halide  specific  detector, 
column  supplies,  recorder,  gases, 
syringes.  A  data  system  for  measuring 
peak  areas  is  recommended. 

4.7  Chromatographic  Column — 400 
mm  long  x  19  mm  ID  with  coarse  fritted 
plate  on  bottom  and  Teflon  stopcock 
(Kontes  K-420540-0224  or  equivalent). 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid  (1  +  1) — (ACS)  Mix 
equal  volumes  of  cone.  H2SO«  with 
distilled  water. 

5.2  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.3  Sodium  Sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stock 
standard  solutions  at  a  concentration  of 
1.00  pg fp\  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  acetone  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 
to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Florisil — PR  Grade  (60/100 
mesh):  purchase  activated  at  1250°F  and 
store  in  the  dark  in  glass  containers  with 
glass  stoppers  or  foil-lined  screw  caps. 
Before  use,  activate  each  batch 
overnight  at  130°C  in  a  foil-covered  glass 
container. 

5.6  Hexane,  Petroleum  ether  (boiling 
range  30-60°C) — pesticide  quality  or 
equivalent. 

5.7  Diethyl  Ether — Nanograde, 
redistilled  in  glass,  if  necessary. 

5.7.1  Must  be  free  of  peroxides  as 
indicated  by  EM  Quant  test  strips.  (Test 
strips  are  available  from  EM 
Laboratories,  Inc.,  500  Executive  Blvd., 
Elmsford,  N.Y.  10523.) 


5.7.2  Procedures  recommended  for 
removal  of  peroxides  are  provided  with 
the  test  strips.  After  cleanup  20  ml  ethyl 
alcohol  preservative  must  be  added  to 
each  liter  of  ether. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/1  in 
the  final  extract,  for  example,  prepare 
standards  at  10  pg/1,  50  pg/1, 100  fig/1, 
500  pg/1,  etc.  so  that  injections  of  1-5  pi 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  The  cleanup  procedure  in  Section 
10  utilizes  Florisil  chromatography. 
Florisil  from  different  batches  or  sources 
may  vary  in  absorption  capacity.  To 
standardize  the  amount  of  Florisil  which 
is  used,  the  use  of  lauric  acid  value 
(Mills,  1968)  is  suggested.  The 
referenced  procedure  determines  the 
adsorption  from  hexane  solution  of 
lauric  acid  (mg)  per  gram  Florisil.  The 
amount  of  Florisil  to  be  used  for  each 
column  is  calculated  by  dividing  110  by 
this  ratio  and  multiplying  by  20  grams. 

6.4  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
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identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 


containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kudema-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to 
the' flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1-2  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

Note. — Haloethers  have  a  sufficiently  high 
volatility  that  significant  losses  will  occur  in 
concentration  steps  if  care  is  not  exercised.  It 
is  important  to  maintain  a  constant  gentle 
evaporation  rate  and  not  to  allow  the  liquid 
volume  to  fall  below  1-2  ml  before  removing 
the  K-D  from  the  hot  water  bath. 

9.6  Momentarily  remove  the  Snyder 
column,  add  50  ml  hexane  and  a  new 
boiling  chip  and  replace  the  column. 
Raise  the  temperature  of  the  water  bath 
to  85-90°C.  Concentrate  the  extract  as  in 
9.5  except  use  hexane  to  prewet  the 
column.  Remove  the  Snyder  column  and 
rinse  the  flask  and  its  lower  joint  into 
the  concentrator  tube  with  1-2  ml 
hexane.  Stopper  the  concentrator  tube 
and  store  refrigerated  if  further 
processing  will  not  be  performed 
immediately. 

9.7  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

9.8  Unless  the  sample  is  known  to 
require  cleanup,  proceed  to  analysis  by 
gas  chromatography. 

10.  Cleanup  and  Separation. 

10.1  Florisil  Column  Cleanup  for 
Haloethers. 

10.1.1  Adjust  the  sample  extract 
volume  to  10  ml. 

10.1.2  Place  a  charge  (nominally  20  g 
but  determined  in  Section  6.3)  of 
activated  Florisil  in  a  19  mm  ID 
chromatography  column.  After  settling 
the  Florisil  by  tapping  column,  add 
about  one-half  inch  layer  of  anhydrous 
granular  sodium  sulfate  to  the  top. 

10.1.3  Pre-elute  the  column,  after 
cooling,  with  50-60  ml  of  petroleum 
ether.  Discard  the  eluate  and  just  prior 


to  exposure  of  the  sulfate  layer  to  air, 
quantitatively  transfer  the  sample 
extract  into  the  column  by  decantation 
and  subsequent  petroleum  ether 
washings.  Discard  the  eluate.  Just  prior 
to  exposure  of  the  sodium  sulfate  layer 
to  the  air,  begin  eluting  the  column  with 
300  ml  of  6%  ethyl  ether/94%  petroleum 
ether.  Adjust  the  elution  rate  to 
approximately  5  ml/min  and  collect  the 
eluate  in  a  500  ml  K-D  flask  equipped 
with  a  10  ml  concentrator  tube.  This 
fraction  should  contain  all  of  the 
haloethers. 

10.1.4  Concentrate  the  fraction  by  K- 
D  as  in  9.5  except  prewet  the  Snyder 
column  with  hexane.  When  the 
apparatus  is  cool,  remove  the  column 
and  rinse  the  flask  and  its  lower  joint 
into  the  concentrator  tube  with  1-2  ml 
hexane.  Analyze  by  gas 
chromatography. 

11.  Gas  Chromatography. 

11.1  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  Examples  of 
the  separations  achieved  by  these 
columns  are  shown  in  Figures  1  and  2. 
Calibrate  the  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 

11.2  Inject  2-5  p.1  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  p.1)  volumes  can 
be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  /xl,  and  the  resulting 
peak  size,  in  area  units. 

11.3  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.4  ‘  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 

Concentration,  ng/l= _ 

(VJ(VJ 

Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B  =  Peak  size  in  injection  of  sample  extract,  in 
area  units 

V,= volume  of  extract  injected  fid) 

V,  =  volume  of  total  extract  (/xl) 

V,=volume  of  water  extracted  (m!) 


1 
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12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision.  The  U.S. 
EPA  Environmental  Monitoring  and 
Support  Laboratory  in  Cincinnati  is  in 
the  process  of  conducting  an 
interlaboratory  method  study  to 
determine  the  accuracy  and  precision  of 
this  test  procedure. 
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Table  I.— Gas  Chromatography  of  Haloethers 


Compound 


Retention  time 

(min.)  Detection 

_  limit 

(ug/L)  > 

Col.  1  1  Col.  2  * 


Bis(2-chloroisopropyl)  ether . 

8.41 

970 

0.9 

Bis(2-chloroethyl)  ether _ 

932 

906 

05 

Bts(2-chloroethoxy)  methane  . 

131 

9.97 

04 

4-Chlorophenyt  phenyl  ether ... 

194 

150 

2.2 

4-Bromophenyl  phenyl  ether  ... 

21.2 

16.2 

1.1 

1  Supelcopon  100/120  mesh  coated  with  3%  SP-1000 
packed  m  18m  long  x  2.1  mm  ID  glass  column  with  ultra- 
high  punty  helium  camer.'gas  at  40  ml/min  flow  rate.  Column 
temperature  is  60  C  for  2  minutes  after  injection  then  program 
at  8  C/mm  to  230'  C  and  hold  for  4  minutes  Under  these 
conditions  R.T.  of  Aldnn  is  22.6  minutes. 

’Tenax-GC  60/80  mesh  packed  in  a  1.8  m  long  x  2.1  mm 
ID  glass  column  with  helium  carrier  gas  at  40  ml/min  flow 
rate  Column  temperature  150'C  for  4  minutes  after  injection 
then  program  at  16‘C/mm  to  310'C.  Under  these  conditions 
R.T  of  Aldrin  is  18.4  minutes. 

’Detection  is  calculated  from  the  minimum  detectable  GC 
response  being  equal  to  five  times  the  GC  background  noise, 
assuming  a  10  ml  final  volume  of  the  1  liter  sample  extract, 
and  assuming  a  FC  injection  of  5  microliters.  These  values 
were  collected  using  the  Tracor  700  Hall  electrolytic  conduc¬ 
tivity  detector  with  furnace  temperature  900"C.  transfer  line 
2S0  C.  95%  ethanol  electrolyte  at  0.3  ml/min  flow  rate,  and 
hydrogen  reaction  gas  at  60  ml/min. 
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Chlorinated  Hydrocarbons — Method  612 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  certain  chlorinated 
hydrocarbons.  The  following  parameters 
may  be  determined  by  this  method. 


Parameter  STORET  No. 

Hexachlofocydopentadiene .  34386 

Hexactilorobenzoe - 39700 

Hexachlorobutadiene - 34391 

Hexachloroethane - ...  34396 

1.2- Dichlorobenzene _ _ _ _ — ....  34536 

1 ,2.4Dnchlorobenzene .  34551 

1 . 3- Dichlorobenzene _ _ _ 34566 

1.4- Dichlorobenzene _ .... _ .....  34571 

2-chloronaphthalene _ _ _ ... _ .... _  34581 


1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutant  Discharge  Elimination  System 
(NPDES).  As  such,  it  presupposes  a  high 
expectation  of  finding  the  specific 
compounds  of  interest.  If  the  user  is 
attempting  to  screen  samples  for  any  or 
all  of  the  compounds  above,  he  must 
develop  independent  protocols  for  the 
verification  of  identity. 

1.3  The  sensitivity  of  this  method  is 
ususally  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  of  detection  lifted 
in  Table  I  represent  sensitivities  that 
can  be  achieved  in  wastewaters  ir  the 
absence  of  inteferences. 

1.4  This  method  is  recommended  for 
use  only  by  experienced  resid’  e 
analysts  or  under  the  close  r  pervision 
of  such  qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  by  passing  through  a 
sodium  sulfate  column  and  concentrated 
to  a  volume  of  10  ml  or  less. 
Chromatographic  conditions  are 
described  which  allow  for  the  accurate 
measurement  of  the  compounds  in  the 
extract. 

2.2  If  inteferences  are  encountered 
or  expected,  the  method  provides  a 
selected  general  purpose  cleanup 
procedure  to  aid  the  analyst  in  their 
elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 
may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
inteferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 


source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  While 
general  clean-up  techniques  are 
provided  as  part  of  this  method,  unique 
samples  may  require  additional  cleanup 
approaches  to  achieve  the  sensitivities 
states  in  Table  1. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass.  1-liter  or  1 -quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1  2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive 
and  the  foil  is  found  to  be  interference 
free. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kuderna-Danish  (K-D) 

Apparatus 

4  4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°  C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  electron  capture  detector, 
column  supplies,  recorder,  gases, 
syringes.  A  data  system  for  measuring 
peak  areas  is  recommended. 


4.7  Chromatography  column — 300 
mm  long  X 10  mm  ID  with  coarse  fritted 
disc  at  bottom  and  Teflon  stopcock. 

5.  Reagents. 

5.1  Preservatives: 

5.1.1  Sodium  hydroxide — (ACS)  10  N 
in  distilled  water. 

5.1.2  Sulfuric  acid — (ACS)  Mix  equal 
volumes  of  cone.  H2SO«  with  distilled 
water. 

5.2  Methylene  chloride.  Hexane  and 
Petroleum  ether  (boiling  range  30- 
60°C) — Pesticide  quality  or  equivalent. 

5.3  Sodium  sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400“C 
for  4  hrs.  in  a  shallow  tray). 

5.4  Stock  standards — Prepare  stocks 
standard  solutions  at  a  concentration  of 
1.00  pg/ul  by  dissolving  0.100  grams  of 
assayed  reference  material  in  pesticide 
quality  isooctane  or  other  appropriate 
solvent  and  diluting  to  volume  in  a  100 
ml  ground  glass  stoppered  volumetric 
flask.  The  stock  solution  is  transferred 

to  ground  glass  stoppered  reagent 
bottles,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them. 

5.5  Florisil — PR  grade  (60/100  mesh): 
purchase  activated  at  1250°F  and  store' 
in  the  dark  in  glass  containers  with  glass 
stoppers  or  foil-lined  screw  caps.  Before 
use,  activate  each  batch  at  130°C  in  foil- 
covered  glass  containers. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  covering  two  or  more 
orders  of  magnitude  that  will  completely 
bracket  the  working  range  of  the 
chromatographic  system.  If  the 
sensitivity  of  the  detection  system  can 
be  calculated  from  Table  I  as  100  pg/l 
in  the  final  extract,  for  example,  prepare 
standards  at  10  pg/l,  50  pg/l,  100  pg/l, 
500  p.g/1,  etc.  so  that  injections  of  1-5  pi 
of  each  calibration  standard  will  define 
the  linearity  of  the  detector  in  the 
working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Table  I. 
By  injecting  calibration  standards, 
establish  the  sensitivity  limit  of  the 
detector  and  the  linear  range  of  the 
analytical  system  for  each  compound. 

6.3  The  cleanup  procedure  in  Section 
10  utilizes  Florisil  chromatography. 
Florisil  from  different  batches  or  sources 
may  vary  in  absorption  capacity.  To 
standardize  the  amount  of  Florisil  which 
is  used,  the  use  of  lauric  acid  value 
(Mills,  1968)  is  suggested.  The 
referenced  procedure  determines  the 
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adsorption  from  hexane  solution  of 
lauric  acid  (mg)  per  gram  Florisil.  The 
amount  of  Florisil  to  be  used  for  each 
column  is  calculated  by  dividing  this 
ratio  by  110  and  multiplying  by  20 
grams. 

6.4  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 
Where  doubt  exists  over  the 
identification  of  a  peak  on  the 
chromatogram,  confirmatory  techniques 
such  as  mass  spectroscopy  should  be 
used. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers,  leaving  a  minimum 
headspace.  Conventional  sampling 
practices  should  be  followed,  except 
that  the  bottle  must  not  be  prewashed 
with  sample  before  collection. 

Composite  samples  should  be  collected 
in  refrigerated  glass  containers  in 
accordance  with  the  requirements  of  the 
program.  Automatic  sampling  equipment 
must  be  free  of  tygon  and  other  potential 
sources  of  contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  should  be  extracted 
immediately  and  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 


separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techniques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.4  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500-ml 
Kuderna-Danish  (K-D)  flask  equipped 
with  a  10  ml  concentrator  tube.  Rinse 
the  Erlenmeyer  flask  and  column  with 
20-30  ml  methylene  chloride  to  complete 
the  quantitative  transfer. 

9.5  Add  1-2  clean  boiling  chips  to  the 
flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65°  C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1-2  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

Note. — The  dichlorobenzenes  have  a 
sufficiently  high  volatility  that  significant 
losses  may  occur  in  concentration  steps  if 
care  is  not  exercised.  It  is  important  to  , 
maintain  a  constant  gentle  evaporation  rate 
and  not  to  allow  the  liquid  volume  to  fall 
below  1-2  ml  before  removing  the  K-D  from 
the  hot  water  bath. 

9.6  Momentarily  remove  the  Snyder 
column,  add  50  ml  hexane  and  a  new 


boiling  chip  and  replace  the  column. 
Raise  the  temperature  of  the  water  bath 
to  85-90°  C.  Concentrate  the  extract  as 
in  9.5,  except  using  hexane  to  prewet  the 
column.  Remove  the  Snyder  column  and 
rinse  the  flask  and  its  lower  joint  into 
the  concentrator  tube  with  1-2  ml  of 
hexane.  A  5-ml  syringe  is  recommended 
for  this  operation.  Stopper  the 
concentrator  tube  and  store  refrigerated 
if  further  processing  will  not  be 
performed  immediately. 

9.7  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1000  ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

9.8  Unless  the  sample  is  known  to 
require  cleanup,  proceed  to  analysis  by 
gas  chromatography. 

10.  Cleanup  and  Separation. 

10.1  Florisil  column  cleanup  for 
chlorinated  Hydro-carbons. 

10.1.1  Adjust  the  sample  extract  to 
10  ml. 

10.1.2  Place  a  12  gram  charge  of 
activated  Florisil  (see  6.3)  in  a  10  mm  ID 
chromatography  column.  After  settling 
the  Florisil  by  tapping  the  column,  add  a 
1-2  cm  layer  of  anhydrous  granular 
sodium  sulfate  to  the  top. 

10.1.3  Pre-elute  the  column,  after 
cooling,  with  100  ml  of  petroleum  ether. 
Discard  the  eluate  and  just  prior  to 
exposure  of  the  sulfate  layer  to  air, 
quantitatively  transfer  the  sample 
extract  into  the  column  by  decantation 
and  subsequent  petroleum  ether 
washings.  Discard  the  eluate.  Just  prior 
to  exposure  of  the  sodium  sulfate  layer 
to  the  air,  begin  eluting  the  column  with 
200  ml  petroleum  ether  and  collect  the 
eluate  in  a  500  ml  K-D  flask  equipped 
with  a  10  ml  concentrator  tube.  This 
fraction  should  contain  all  of  the 
chlorinated  hydrocarbons. 

10.1.4  Concentrate  the  fraction  by  K- 
D  as  in  9.5  except  prewet  the  column 
with  hexane.  When  the  apparatus  is 
cool,  remove  the  Snyder  column  and 
rinse  the  flask  and  its  lower  joint  into 
the  concentrator  tube  with  1-2  ml 
hexane.  Analyze  by  gas 
chromatography. 

11.  Gas  Chromatography. 

11.1  Table  I  summarizes  the 
recommended  gas  chromatographic 
column  materials  and  operating 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  Examples  of 
the  separations  achieved  by  this  column 
are  shown  in  Figures  1  and  2.  Calibrate 
the  system  daily  with  a  minimum  of 
three  injections  of  calibration  standards. 

11.2  Inject  2-5  ul  of  the  sample 
extract  using  the  solvent-flush 
technique.  Smaller  (1.0  ul)  volumes  can 
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be  injected  if  automatic  devices  are 
employed.  Record  the  volume  injected  to 
the  nearest  0.05  ul,  and  the  resulting 
peak  size,  in  area  units. 

11.8  If  the  peak  area  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

11.4  If  the  peak  area  measurement  is 
prevented  by  the  presence  of 
interferences,  further  cleanup  is 
required. 

12.  Calculations. 

12.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 


C<mcen«r.«Km.*g/.=  ^^ 

(VJ(VJ 

Where: 

A  =  Calibration  factor  for  chromatographic 
system,  in  nanograms  material  per  area 
unit. 

B  =  Peak  size  in  injection  of  sample  extract,  in 
area  units 

V(=Volume  of  extract  injected  (ul) 

V,  =  Volume  of  total  extract  (ul) 

V„  =  Volume  of  water  extracted  (ml) 

12.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

13.  Accuracy  and  Precision.  The  U.S. 
F.PA  Environmental  Monitoring  and 
Support  Laboratory  in  Cincinnati  is  in 
the  process  of  conducting  an 
mterlaboratory  method  study  to 
determine  the  accuracy  and  precision  of 
this  test  procedure. 
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Table  I. — Gas  Chromatography  of  Chlorinated 
Hydrocarbons 


Compound 

Retention 
Arne  (min.) 
col.  1  1 

Detection 
fcmit  (jig/t)  - 

4.0 

0009 

4.8 

0.001 

5.3 

0.012 

11.6 

0001 

12.4 

0  006 

HexacMorocydopentadiene . 

*1.6 

0  001 

*2.5 

0.015 

Hexachlorobenzene - - - 

•7.0 

0.001 

■Gas  Chrom  O  80/100  mesh  coated  with  1.5%  OV-1/ 
t.5%  OV-225  packed  m  a  1:8  m  long  x  2  mm  10  glass 
column  with  5%  Methane.  95%  Argon  earner  gas  at  30  ml/ 
mm  flow  rate.  Column  temperature  is  75"  C  except  where  * 
indicates  160'  C.  Under  these  conditions  R  T.  o(  Aldrin  is  16.8 
minutes  at  160*  C. 

•  Detection  limit  is  calculated  from  the  minimum  detectable 
GC  response  of  the  electron  capture  detector  being  equal  to 
five  times  the  GC  background  noise,  assuming  a  10  ml  final 
volume  ol  the  1  liter  sample  extract  and  assuming  a  GC  in¬ 
jection  of  5  microliters. 
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Figure  1.  Gas  chromatogram  of  chlorinated  hydrocarbons 
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Appendix  II — Gas  Chromatographic/ 
Mass  Spectrometric  Methods:  Methods 
613.  624  and  625 

2.3. 7.8.  -  Tetrachlorodibenzo-p-Dioxin — 
Method  613 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  2, 3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD). 

The  following  parameter  may  be 
determined  by  this  method: 

Parameter  STORET  No 

TCDD _ _ _  34675 

1.2  This  method  is  applicable  to  the 
determination  of  TCDD  in  municipal  and 
industrial  discharges.  It  is  designed  to 
be  used  to  meet  the  monitoring 
requirements  of  the  National  Pollutant 
Discharge  Elimination  System  (NPDES). 
As  such,  it  presupposes  the  potential  for 
finding  trace  levels  of  TCDD  in  the 
sample.  The  method  incorporates 
techniques  that  can  also  be  used  to 
screen  samples  for  TCDD  using  an 
electron  capture  detector. 

V.3  The  sensitivity  of  this  method  is 
usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limit  of  detection  listed 
in  Table  I  represents  the  sensitivity  that 
can  be  achieved  in  wastewaters  in  the 
absence  of  interferences. 

1.4  This  method  is  recommended  for 
use  only  by  analysts  experienced  with 
residue  analysis  and  skilled  in  mass 
spectral  analytical  techniques. 

1.5  Because  of  the  extreme  toxicity 
of  this  compound,  the  analyst  must  take 
elaborate  precautions  to  prevent 
exposure  to  himself,  or  to  others,  of 
materials  known  or  believed  to  contain 
TCDD.  The  appendix  to  this  method 
contains  guidelines  and  protocols  that 
should  serve  as  minimum  safe-handling 
standards  for  the  laboratory. 

2.  Summary  of  Method. 

2.1  A  1-liter  sample  of  wastewater  is 
extracted  with  methylene  chloride  using 
separatory  funnel  techniques.  The 
extract  is  dried  and  exchanged  to 
hexane  while  being  concentrated  to  a 
volume  of  1.0  ml  or  lower.  Capillary 
column  GC/MS  conditions  and  internal 
standard  techniques  are  described 
which  allow  for  the  measurement  of 
TCDD  in  the  extract.  Electron  capture 
gas  chromatographic  conditions  are  also 
provided  to  permit  the  analyst  to  use 
this  equipment  to  prescreen  samples 
before  GC/MS  analysis. 

2.2  If  interferences  are  encountered, 
the  method  provides  selected  general 
purpose  cleanup  procedures  to  aid  the 
analyst  in  their  elimination. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware, 
and  other  sample  processing  hardware 


may  yield  discrete  artifacts  and/or 
elevated  baselines  causing 
misinterpretation  of  gas  chromatograms. 
All  of  these  materials  must  be 
demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  TCDD  is 
often  associated  with  other  interfering 
chlorinated  compounds  which  are  at 
concentrations  several  magnitudes 
higher  than  that  of  TCDD.  While  general 
cleanup  techniques  are  provided  as  part 
of  this  method,  unique  samples  may 
require  additional  cleanup  approaches 
to  achieve  the  sensitivity  stated  in  Table 
I. 

3.3  The  other  isomers  of 
tetrachlorodibenzo-p-dioxin  may 
interfere  with  the  measurement  of 
2,3,7.8-TCDD.  Capillary  column  gas 
chromatography  is  required  to  resolve 
those  isomers  that  yield  virtually 
identical  mass  fragmentation  patterns. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  or  1-quart  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  screw 
on  to  the  sample  bottles.  Caps  must  be 
lined  with  Teflon.  Foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  250  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  tygon  or  rubber  tubing 
may  be  used  in  the  system. 

4.2  Separatory  funnels — 2000  ml  and 
500  ml.  with  Teflon  stopcock. 

4.3  Drying  column — 20  mm  ID  pyrex 
chromatographic  column  with  coarse 
frit. 

4.4  Kuderna  -Danish  (K-D) 

Apparatus. 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 


4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0121  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569001-0219  or  equivalent). 

4.4.5  Boiling  chips — solvent 
extracted,  approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°  C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  electron  capture,  packed  and 
capillary  column  supplies,  recorder, 
gases,  syringes.  A  data  system  for 
measuring  peak  areas  is  recommended. 

4.7  GC/Mass  Spectrometer  system — 
electron  ionization  source,  capable  of 
selected  ion  monitoring  in  groups  of  two 
or  more  ions,  and  related  data  system. 

4.8  Chromatography  column — 300 
mm  longxlO  mm  ID  with  coarse  fritted 
disc  at  bottom  and  Teflon  stopcock. 

4.9  Chromatography  column — 400 
mm  longxll  mm  ID  with  coarse  fritted 
disc  at  bottom  and  Teflon  stopcock. 

4.10  Pipets — Disposable,  Pasteur,  150 
mm  longx5  mm  ID  (Fisher  Scientific  Co., 
No.  13-678-6A  or  equivalent). 

5.  Reagents. 

5.1  Sodium  hydroxide — (ACS)  10  N 
and  1  N  in  distilled  water.  Wash  the 
solutions  with  methylene  chloride  and 
with  hexane. 

5.2  Sulfuric  acid — (ACS)  (1 +  1)  and 
IN.  For  (1  +1),  mix  equal  volumes  of 
cone.  I  LSCh  with  distilled  water.  Wash 
the  solutions  with  methylene  chloride 
and  with  hexane. 

5.3  Methylene  chloride,  hexane, 
benzene,  tetradecane — Pesticide  quality 
or  equivalent. 

5.4  Sodium  Sulfate — (ACS)  Granular, 
anhydrous  (purified  by  heating  at  400°  C 
for  4  hrs.  in  a  shallow  tray). 

5.5  Stock  standards — In  a  glovebox. 
prepare  stock  standard  solutions  of 
TCDD  and  37Cl-TCDD  (molecular 
weight  328).  The  stock  solutions  are 
stored  in  the  glovebox,  and  checked 
frequently  for  signs  of  degradation  or 
evaporation,  especially  just  prior  to 
preparing  working  standards  from  them. 

5.6  Silica  gel — high  purity  grade, 
100/120  mesh,  (Fisher  Scientific  Co.,  No. 
S-679  or  equivalent). 

5.7  Alumina — neutral,  80/200  mesh 
(Fisher  Scientific  Co..  No.  A-540  or 
equivalent).  Before  use  activate  for  24 
hours  at  130"  C  in  a  foil-covered  glass 
container. 

5.8  Activated  Coconut  Charcoal — 
50/200  mesh  (Fisher  Scientific  Co.,  No. 
5-690A  or  equivalent). 

6.  Calibration 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


69527 


6.1  Prepare  GC/MS  calibration 
standards  for  the  internal  standard 
technique  that  will  allow  for 
measurement  of  relative  response 
factors  of  at  least  three  TCDD/”Cl 
TCDD  ratios.  The  ”C1-TCDD 
concentration  in  the  standards  should 
be  fixed  and  selected  to  yield  a 
reproducible  response  at  the  most 
sensitive  setting  of  the  mass 
spectrometer. 

6.2  Assemble  the  necessary  GC  or 
GC/MS  apparatus  and  establish 
operating  parameters  equivalent  to 
those  indicated  in  Table  I.  Calibrate  the 
GC/MS  system  according  to 
Eichelberger,  et  al.  (1975).  By  injecting 
calibration  standards,  establish  the 
response  factors  for  TCDD  vs.  31C1~ 
TCDD. 

6.3  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
series  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of 
interferences  from  the  reagents. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  distilled  water  method 
blank,  that  all  glassware  and  reagents 
are  interference-free.  Each  time  a  set  of 
samples  is  extracted  or  there  is  a  change 
in  reagents,  a  method  blank  should  be 
processed  as  a  safeguard  against 
chronic  laboratory  contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis, 
although  surrogate  spikes  are 
recommended  because  of  the  toxicity  of 
TCDD.  Where  doubt  exists  over  the 
identification  of  a  peak  on  the  electron 
capture  chromatogram,  mass 
spectroscopy  must  be  used  for 
clarification  or  confirmation. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers.  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  be 
prewashed  with  sample  before 
collection.  Composite  samples  should  be 
collected  in  refrigerated  glass  containers 
in  accordance  with  the  requirements  of 
the  program.  Automatic  sampling 
equipment  must  be  free  of  tygon  and 
other  potential  sources  of 
contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 


should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  the  sample  should  be 
adjusted  to  a  pH  range  of  6.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction. 

Caution:  If  there  is  a  remote 
possibility  that  the  sample  contains 
TCDD  at  measurable  levels,  all  of  the 
following  operations  must  be  performed 
in  a  limited  access  laboratory  with  the 
analyst  wearing  full  protective  covering 
for  all  exposed  skin  surfaces.  See 
Appendix. 

9.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Check  the  pH  of  the 
sample  with  wide-range  pH  paper  and 
adjust  to  within  the  range  of  5-9  with 
sodium  hydroxide  or  sulfuric  acid. 

9.2  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  seal,  and  shake  30 
seconds  to  rinse  the  inner  walls. 
Transfer  the  solvent  into  the  separatory 
funnel,  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes  with 
periodic  venting  to  release  vapor 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  ten  minutes.  If  the  emulsion 
interface  between  layers  is  more  than 
one-third  the  size  of  the  solvent  layer, 
the  analyst  must  employ  mechanical 
techiques  to  complete  the  phase 
separation.  The  optimum  technique 
depends  upon  the  sample,  but  may 
include  stirring,  filtration  of  the 
emulsion  through  glass  wool,  or 
centrifugation.  Collect  the  methylene 
chloride  extract  in  a  500-ml  separatory 
funnel. 

9.3  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  500-ml  separatory  funnel. 

9.4  Perform  a  third  extraction  in  the 
same  mammer.  To  the  combined 
extracts  in  the  separatory  funnel  add 
100  ml  1  N  NaOH.  Shake  the  funnel  for 
30-60  seconds.  Allow  the  layers  to 
separate  and  draw  the  organic  layer  into 
a  250  ml  Erlenmeyer  flask.  Discard  the 
aqueous  layer  and  return  the  organic 
layer  to  the  separatory  funnel.  Perform  a 
second  wash  of  the  organic  layer  with  1 
N  NaOH  and  discard  the  aqueous  layer. 

9.5  In  the  same  manner  wash  the 
organic  layer  twice  with  100  ml  1  N 
HjSO«,  discarding  the  aqueous  layers. 


9.6  Wash  the  organic  layer  three 
times  with  100  ml  HiO,  discarding  the 
aqueous  layers. 

9.7  Pour  the  organic  layer  extract 
through  a  drying  column  containing  3-4 
inches  of  anhydrous  sodium  sulfate,  and 
collect  it  in  a  500-ml  Kudema-Danish 
(K-D)  flask  equipped  with  a  10  ml 
concentrator  tube.  Rinse  the  Erlenmeyer 
flask  and  column  with  20-30-ml 
methylene  chloride  to  complete  the 
quantitative  transfer. 

9.8  Add  1-2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  Snyder 
column.  Prewet  the  Snyder  column  by 
adding  about  1  ml  methylene  chloride  to 
the  top.  Place  the  K-D  apparatus  on  a 
hot  water  bath  (60-65*  C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water,  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed  in 
vapor.  Adjust  the  vertical  position  of  the 
apparatus  and  the  water  temperature  as 
required  to  complete  the  concentration 
in  15-20  minutes.  At  the  proper  rate  of 
distillation,  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will 
not  flood.  When  the  apparent  volume  of 
liquid  reaches  1  ml,  remove  the  K-D 
apparatus  and  allow  it  to  drain  for  at 
least  10  minutes  while  cooling. 

9.9  Momentarily  remove  the  Snyder 
column,  add  50  ml  hexane  and  a  new 
boiling  chip  and  replace  the  Snyder 
column.  Increase  the  temperature  of  the 
water  bath  to  80°  C.  Prewet  the  Snyder 
column  by  adding  about  1  ml  hexane  to 
the  top.  Evaporate  the  solvent  as  in  9.8. 
Remove  the  Snyder  column  and  rinse 
the  flask  and  its  lower  joint  into  the 
concentrator  tube  with  1-2-ml  of 
hexane.  A  5-ml  syringe  is  recommended 
for  this  operation. 

9.10  Add  a  clean  boiling  chip  and 
attach  a  micro-Snyder  column.  Prewet 
the  column  by  adding  about  1  ml  hexane 
to  the  top.  Place  the  K-D  apparatus  on 
the  80°  C  water  bath  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water.  Adjust  the  vertical 
position  of  the  apparatus  and  the  water 
temperature  as  required  to  complete  the 
concentration  in  5-10  minutes.  At  the 
proper  rate  of  distillation  the  balls  of  the 
column  will  actively  chatter  but  the 
chambers  will  not  flood.  When  the 
apparent  volume  of  liquid  reaches  about 
0.5  ml,  remove  the  K-D  apparatus  and 
allow  it  to  drain  for  at  least  10  minutes 
while  cooling.  Remove  the  micro-Snyder 
column  and  rinse  its  lower  joint  into  the 
concentrator  tube  with  0.2  ml  hexane. 
Adjust  the  extract  volume  to  1.0  ml  with 
hexane.  Stopper  the  concentrator  tube 
and  store  refrigerated  if  further 
processing  will  not  be  performed 
immediately. 

9.11  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
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the  mark  and  transferring  the  liquid  to  a 
1000-ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

9.12  The  analyst  has  several  options 
'  available  to  him  depending  upon  the 
nature  of  the  sample  and  the  availability 
of  resources: 

9.12.1  If  the  appearance  of  the 
extract  or  previous  experience  with  the 
matrix  indicates  cleanup  will  be 
required  the  analyst  should  proceed 
with  one  or  more  techniques  as 
described  in  paragraph  10. 

9.12.2  If  the  analyst  wishes  to  screen 
the  sample  for  the  possible  presence  of 
TCDD  before  GC/MS  analysis,  he  can 
analyze  the  extract  by  packed  column  or 
capillary  column  electron  capture 
detection,  as  in  paragraph  11. 

9.12.3  The  analyst  may  proceed 
directly  to  GC/MS  analysis,  paragraph 
12. 

10.  Cleanup  and  Separation. 

10.1  Several  cleanup  column  choices 
are  offered  to  the  analyst  in  this  section. 
Although  any  of  them  may  be  used 
independently,  the  silica  gel  column 
(10.2)  followed  immediately  by  the 
alumina  column  (10.3)  has  been  used 
frequently  to  overcome  background 
problems  encountered  by  the  GC/MS. 

10.2  Silica  Gel  Column  Cleanup  for 
TCDD. 

10.2.1  Fill  a  400  mm  long  x  11  mm  ID 
chromatography  column  with  silica  gel 
to  the  300  mm  level,  tapping  the  column 
gently  to  settle  the  silica  gel.  Add  10  mm 
anhydrous  sodium  sulfate  to  the  top  of 
the  silica  gel. 

10.2.2  Preelute  the  column  with  50  ml 
20%  benzene/80%  hexane  (V/V).  Adjust 
the  elution  rate  to  1  ml/min.  Discard  the 
eluate  and  just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air,  transfer 
the  entire  1.0  ml  sample  extract  onto  the 
column,  using  two  2  ml  portions  of  20% 
benzene/80%  hexane  to  complete  the 
transfer. 

10.2.3  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air,  add  40  ml 
20%  benzene/80%  hexane  to  the  column. 
Collect  the  eluate  in  a  500  ml  K-D  flask 
equipped  with  a  10  ml  concentrator 
tube. 

10.2.4  Evaporate  the  fraction  to  1.0 
ml  by  standard  K-D  techniques  (9.8— 
9.10).  Analyze  by  ECGC  (11),  GC/MS 
(12)  or  continue  cleanup  as  described 
below  (10.3). 

10.3  Alumina  Column  Cleanup  for 
TCDD. 

10.3.1  If  the  extract  is  not  in  hexane, 
add  0.1-0.2  ml  tetradecane  keeper  and 
concentrate  it  at  room  temperature 
down  to  this  volume  using  a  stream  of 
dry  nitrogen  gas.  Dilute  to  1.0  ml  with 
hexane. 

10.3.2  Fill  a  300  mm  long  x  10  mm  ID 
chromatography  column  with  activated 


alumina  to  the  150  mm  level,  tapping  the 
column  gently  to  settle  the  alumina.  Add 
10  mm  anhydrous  sodium  sulfate  to  the 
top  of  the  alumina. 

10.3.3  Preelute  the  column  with  50  ml 
hexane.  Adjust  the  elution  rate  to  1  ml/ 
min.  Discard  the  eluate  and  just  prior  to 
exposure  of  the  sodium  sulfate  layer  to 
the  air,  transfer  the  entire  1  ml  sample 
extract  onto  the  column,  using  two 
additional  2  ml  portions  of  hexane  to 
complete  the  transfer. 

10.3.4  Just  prior  to  exposure  of  the 
sodium  sulfate  layer  to  the  air,  add  50  ml 
3%  methylene  chloride/97%  hexane  (V/ 
V)  and  continue  the  elution  of  the 
column.  Discard  the  eluate. 

10.3.5  Next  elute  the  column  with  50 
ml  20%  methylene  chloride/80%  hexane 
(V/V)  into  a  500  ml  K-D  flask  equipped 
with  a  10  ml  concentrator  tube. 
Concentrate  the  collected  fraction  to  1.0 
ml  by  standard  K-D  technique  (9.8-9.10). 
Analyze  by  ECGC  (11),  GC/MS  (12)  or 
continue  cleanup  as  described  below 
(10.4). 

10.4  Charcoal  and  Silica-gel  Column 
Cleanup  for  TCDD. 

10.4.1  Prepare  a  homogeneous 
mixture  of  1  part  activated  charcoal  to 
140  parts  silica-gel.  Fill  a  5  mm  ID 
disposable  pipet  to  a  length  of  50  mm, 
tapping  the  column  to  settle  the  mixture. 

10.4.2  Preelute  the  column  with  5  ml 
hexane.  Discard  the  eluate  and  just  prior 
to  exposure  of  the  top  of  the  column  to 
the  air,  transfer  an  0.5  ml  aliquot  of 
sample  extract  onto  the  column,  using 
an  additional  0.5  ml  hexane  to  complete 
the  transfer. 

10.4.3  Just  prior  to  exposure  of  the 
top  of  the  column  to  the  air,  add  10  ml 
hexane  and  continue  the  elution  of  the 
column.  Discard  the  eluate. 

10.4.4  Next,  elute  the  column  with  10 
ml  benzene  into  a  10  ml  K-D 
concentrator  tube.  Concentrate  the 
eluate  to  1.0  ml  with  mi  ro-K-D 
concentration  (9.10)  on  a  boiling  water 
bath.  Analyze  by  ECGC  (11)  or  GC/MS 
(12). 

11.  Electron  Capture  Screening. 

11.1  The  sample  extracts  can  be 
screened  by  electron  capture  gas 
chormatography  at  the  option  of  the 
analyst  in  an  effort  to  reduce  the 
workload  on  the  GC/MS  system.  Either 
packed  or  capillary  column  techniques 
may  be  used  for  this  purpose.  The  only 
acceptable  conclusions  that  can  be 
reached  with  this  technique  are:  (a) 
TCDD  is  not  detectable  at  the  detection 
limit  of  the  procedure:  (b)  TCDD  is  not 
present  above  a  stated  concentration  or 
control  level:  and  (c)  the  presence  or 
absence  of  TCDD  is  unresolved. 

11.2  Table  I  summarizes  some 
recommended  gas  chromatographic 
column  materials  and  operating 


conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  chromatography  achieved  by  the 
packed  column  is  shown  in  Figure  1  and 
by  the  capillary  column  in  Figure  2. 
Calibrate  the  system  daily  with  a 
minimum  of  three  injections  of 
calibration  standards. 

11.3  For  packed  column  GC,  inject  2- 
5  pi  of  the  sample  extract  using  the 
solvent-flush  technique.  A  splitless 
injector  is  recommended  for  the 
capillary  system,  but  for  optimum  peak 
geometry  a  solvent  exhange  to 
tetradecane  is  required  (10.3.1).  Record 
the  volume  injected  to  the  nearest  0.05 
p.1,  and  the  resulting  peak  size,  in  area 
units. 

11.4  If  there  is  no  measureable 
baseline  deflection  at  the  retention  time 
of  TCDD,  report  the  result  as  less  than 
the  detection  limit  of  the  electron 
capture  system. 

11.5  If  a  measurable  peak  appears 
within  the  tolerances  of  the  TCDD 
retention  time  of  the  system,  the  analyst 
should  proceed  to  GC/MS  (12). 

11.6  If  the  complexity  of  the 
chromatogram  defies  interpretation,  the 
analyst  may  want  to  pursue  cleanup  (10) 
followed  by  reanalysis  by  ECGC,  or 
proceed  directly  to  GC/MS. 

12.  GC/MS  Analysis. 

12.1  Table  I  summarizes  the 
recommended  capillary  column  gas 
chromatographic  materials  and 
operating  conditions  for  the  instrument. 
Included  in  this  table  is  the  estimated 
retention  time  and  sensitivity  that 
should  be  achieved  by  this  method.  An 
example  of  the  chromatography 
achieved  by  this  column  is  shown  in 
Figure  2.  Calibrate  the  system  daily, 
with  a  minimum  at  three  injections  of 
standard  mixtures. 

12.2  Add  a  known  amount  of  37C1- 
TCDD  to  the  sample  extract. 

12.3  Analyze  samples  with  selected 
ion  monitoring  of  at  least  two  ions 
characteristic  of  TCDD  (m/e  320  and  m/ 
e  322)  and  of  37C1-TCDD  (m/e  328). 

Proof  of  the  presence  of  TCDD  exists  if 
the  following  conditions  are  met: 

12.3.1  The  retention  time  of  the  peak 
in  the  sample  must  match  that  in  the 
standard,  within  the  performance 
specifications  of  the  analytical  system. 

12.3.2  The  ratio  of  ions  (320:322) 
must  agree  within  10%  must  agree  within 
10%  of  that  in  the  standard. 

12.3.3  The  retention  time  of  the  peak 
maximum  for  the  m/e  320  peak  must 
exactly  match  that  of  the  322  peak. 

12.4  Quantities  the  TCDD  peak  from 
the  response  relative  to  the  37C1-TCDD 
internal  standard. 
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12.5  If  a  response  is  obtained  for 
both  ions  but  is  outside  the  expected 
ratio,  then  a  co-eluting  impurity  may  be 
suspected.  In  this  case,  another  set  of 
ions  characteristic  of  the  TCDD 
molecule,  should  be  analyzed.  A  good 
choice  of  ions  is  m/e  257  and  m/e  259. 
These  ions  are  useful  in  characterizing 
the  molecular  structure  of  TCDD. 
Suspected  impurities  such  as  DDE,  DDD 
or  PCB  residues  can  be  confirmed  by 
checking  for  their  major  fragments. 

These  materials  can  be  removed  by  the 
cleanup  columns.  If  available,  an 
analysis  of  the  EC  chromatogram  will 
provide  insight  into  the  complexity  of 
the  problem  and  will  determine  the 
manner  in  which  the  mass  spectrometer 
will  be  used. 

12.6  If  broad  background 
interference  restricts  the  sensitivity  of 
the  GC/MS  analysis,  the  analyst  should 
employ  cleanup  procedures  (10)  and 
reanalyze  by  GC/MS. 

12.7  In  those  circumstances  where 
these  procedures  do  not  yield  a 
definitive  conclusion,  then  the  use  of 
high  resolution  mass  spectrometry  is 
suggested. 

13.  Calculations. 

13.1  Determine  the  concentration  of 
individual  compounds  according  to  the 
formula: 

Concantratlcn,  ug/1  =•  ^  ('V 

T77P7,7 

Where: 

A  =  Nanograms  TCDD  injected  into  the  GC / 
MS  from  the  calibration  curve. 

Vj= Volume  of  extract  injected  (/aI) 

V,= Volume  of  total  extract  (ftl) 

V, =Volume  of  water  extracted  (ml) 

13.2  Report  results  in  micrograms  per 
liter  without  correction  for  recovery 
data  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

14.  Accuracy  and  Precision.  No  data 
available  at  this  time. 
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Table  I.— Gas  Chromatography  of  TCDD 


Retention 

Detection 

Column 

time  (min.) 

limit  (j*g/L)  1 

.  7.3 

0.003 

0.003 

.  9.5 

'  Detection  limit  is  calculated  from  me  minimum  detectable 
GC  response  being  equal  to  five  times  tbe  GC  background 
noise,  assuming  a  f  ml  effective  f<nal  volume  of  tbe  t  titer 
sample  extract,  and  assuming  a  GC  injection  of  5  microliters. 
Detection  levels  apply  to  both  electron  capture  and  GC/MS 
detection. 

’Packed  column  conditions:  Supelcoport  1 00/ 120  mesh 
coated  with  1.5%  SP-2250/1.95%  SP-2401  packed  in  a  180 
cm  long  x  2  mm  ID  glass  column  with  5%  methane/95% 
Argon  carrier  gas  at  25  ml/mm  (low  rate  Column  temperature 
«220°C. 

’Glass  capillary  column  conditions:  SP-2250  coated  on  a 
30  m  long  x  0.25  mm  ID  glass  column  (Supelco  No.  2-3714 
or  equivalent)  with  helium  carrier  gas  at  30  cm/sec  linear  ve¬ 
locity  run  splitless.  Column  temperature  is  210“C. 

Appendix  A — Safe  Handling  Practices 
for  TCDD 

Dow  Chemical  U.S.A.  has  issued  the 
following  precautions  for  safe  handling 
TCDD  in  the  laboratory.  In  addition  to 
these  practices,  the  following  points  are 
also  helpful: 

1.  Contamination  of  the  laboratory 
will  be  minimized  by  conducting  all 
manipulations  in  the  hood. 

2.  Effluent  of  the  gas  chromatography 
(from  the  Nickel-63  detector  or  as  a 
result  of  splitting  when  capillary 
columns  are  used)  should  pass  through 
either  a  column  of  activated  charcoal  or 
bubbled  through  a  trap  containing  oil  or 
high-boiling  alcohols. 

3.  Liquid  waste  can  be  dissolved  in 
methanol  or  ethanol  and  irradiated  with 
ultraviolet  light  with  wavelength  greater 
than  290  nm  for  several  days. 

Precautions  for  Safe  Handling  of  2,3, 7,8- 
Tetrachlorodibenzo-Para-Dioxin 
(TCDD)  in  the  Laboratory  (Revised  11/ 
78) 

The  following  statements  on  safe 
handling  are  as  complete  as  possible  on 
the  basis  of  available  toxicological 
information.  The  precautions  for  safe 
handling  and  use  are  necessarily  general 
in  nature  since  detailed,  specific 
recommendations  can  be  made  only  for 
the  particular  exposure  and 
circumstances  of  each  individual  use. 
Inquiries  about  specific  operations  or 
uses  may  be  addressed  to  the  Dow 
Chemical  Company.  Assistance  in 
evaluating  the  health  hazards  of 
particular  plant  conditions  may  be 
obtained  from  certain  consulting 
laboratories  and  from  State 
Departments  of  Health  or  of  Labor, 
many  of  which  have  an  industrial  health 
service. 

TCDD  is  extremely  toxic  to  laboratory 
animals.  However,  it  has  been  handled 
for  years  without  injury  in  analytical 
and  biological  laboratories.  Techniques 


used  in  handling  radioactive  and 
infectious  materials  are  applicable  to 
TCDD. 

Protective  Equipment:  Throw-away 
plastic  gloves,  apron  or  lab  coat,  safety 
glasses  and  lab  hood  adequate  for 
radioactive  work. 

Training:  Workers  must  be  trained  in 
the  proper  method  of  getting  out  of 
contaminated  gloves  and  clothing 
without  contacting  the  exterior  surfaces. 

Personel  Hygiene:  Thorough  washing 
of  hands  and  forearms  after  each 
manipulation  and  before  breaks  (coffee, 
lunch,  and  shift). 

Confinement:  Isolated  work  area, 
posted  with  signs,  segregated  glassware 
and  tools,  plastic-backed  absorbent 
paper  on  benchtops. 

Waste:  Good  technique  includes 
minimizing  contaminated  waste.  Plastic 
bag  liners  should  be  used  in  waste  cans. 
Janitors  must  be  trained  in  safe  handling 
of  waste  (one  accidental  case  of 
chloracne  resulted  from  handling 
laboratory  waste  in  a  routine  manner). 

Disposal  of  Wastes:  TCDD 
decomposes  above  800°C.  Low-level 
waste  such  as  the  absorbent  paper, 
tissues,  animal  remains  and  plastic 
gloves  may  be  burned  in  a  good 
incinerator.  Gross  quantities 
(milligrams)  should  be  packaged 
securely  and  disposed  through 
commercial  or  governmental  channels 
which  are  capable  of  handling  high-level 
radioactive  wastes  or  extremely  toxic 
wastes.  Liquids  should  be  allowed  to 
evaporate  in  a  good  hood  and  in  a 
disposable  container.  Residues  may 
then  be  handled  as  above. 

Decontamination:  Personal — any  mild 
soap  with  plenty  of  scrubbing  action: 
Glassware,  Tools,  and  Surfaces — 
Chlorothene  1 NU  Solvent  is  the  least 
toxic  solvent  shown  to  be  effective. 
Satisfactory  cleaning  may  be 
accomplished  by  rinsing  with 
Chlorothene,  then  washing  with  any 
detergent  and  water.  Dish  water  may  be 
disposed  to  the  sewer.  It  is  prudent  to 
minimize  solvent  wastes  because  they 
may  require  special  disposal  through 
commercial  sources  which  are 
expensive. 

Laundry:  Clothing  known  to  be 
contaminated  should  be  disposed  with 
the  precautions  described  under 
‘‘Disposal  of  Wastes.”  Lab  coats  or 
other  clothing  worn  in  TCDD  work  may 
be  laundered.  Clothing  should  be 
collected  in  plastic  bags.  Persons  who 
convey  the  bags  and  launder  the 
clothing  should  be  advised  of  the  hazard 
and  trained  in  proper  handling.  The 
clothing  may  be  put  into  a  washer 
without  contact  if  the  launderer  knows 


1  Trademark  of  the  Dow  Chemical  Company. 
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the  problem.  The  washer  should  be  run 
through  a  cycle  before  being  used  again 
for  other  clothing. 

Wipe  Tests:  A  useful  method  of 
determining  cleanliness  of  work 
surfaces  and  tools  is  to  wipe  the  surface 
with  a  piece  of  filter  paper.  Extraction 
and  analysis  by  gas  chromatography 
can  achieve  a  limit  of  sensitivity  of  0.1 
microgram  per  wipe.  The  analytical 
method  is  available  upon  request.  Less 
than  1  microgram  TCDD  per  sample 
indicates  acceptable  clealiness; 
anything  higher  warrants  further 
cleaning.  More  than  10  micrograms  on  a 
wipe  sample  indicates  an  acute  hazard 
and  requires  prompt  cleaning  before 
further  use  of  the  equipment  or  work 
space.  It  indicates  further  that 
unacceptably  sloppy  work  habits  have 
been  employed  in  the  past. 

Inhalation:  Any  procedure  that  may 
produce  airborne  contamination  must  be 
done  with  good  ventilation.  Gross  losses 
to  a  ventilation  system  must  not  be 
allowed.  Handling  of  the  dilute  solutions 
normally  used  in  analytical  and  animal 
work  presents  no  inhalation  hazards 
except  in  case  of  an  accident. 

Accidents:  Remove  contaminated 
clothing  immediately,  taking  precautions 
not  to  contaminate  skin  or  other  articles. 
Wash  exposed  skin  vigorously  and 
repeatedly  until  medical  attention  is 
obtained. 

For  clinical  advice,  contact  B.  B. 
Holder,  M.D..  Medical  Director,  Dow 
Chemical  U.S.A..  Midland,  Michigan 
48640.  (telephone  517/636-2108).  For 
detailed  safe  handling  precautions  for 
specific  procedures,  contact  L.  G. 
Silverstein.  Industrial  Hygiene 
Laboratory.  Dow  Chemical  U.S.A., 
Midland,  Michigan  48640  (telephone 
517/636-1688). 

BILLING  CODE  6560-01-M 
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Purgeables — Method  624 

1 .  Scope  and  Application. 

1.1  This  method  is  designed  to 
determine  volatile  organic  materials  that 
are  amenable  to  the  purge  and  trap 
method.  The  parameters  listed  in  Table 

1  may  be  determined  by  this  method. 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutants  Discharge  Elimination  System 
(NPDES). 

1.3  The  detection  limit  of  this  method 
is  usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  listed  in  Table  2 
represent  sensitivities  that  can  be 
achieved  in  wastewaters. 

1.4  The  GC/MS  parts  of  this  method 
are  recommended  for  use  only  by 
persons  experienced  in  GC/MS  analysis 
or  under  the  close  supervision  of  such 
qualified  persons. 

1.5  The  trapping  and  chromatographic 
procedures  described  do  not  apply  to 
the  very  volatile  pollutant, 
dichlorodifluoromethane.  An  alternative 
three  stage  trap  containing  charcoal  is  to 
be  used  if  this  compound  is  to  be 
analyzed.  See  EPA  Method  601  and 
Reference  1.  Primary  ion  for  quantitative 
analysis  of  this  compound  is  101.  The 
secondary  ions  are  85,  87,  and  103. 

1.6  Although  this  method  can  be 
used  for  measuring  acrolein  and 
acrylonitrile,  the  purging  efficiencies  are 
low  and  erratic.  For  a  more  reliable 
quantitative  analysis  of  these 
compounds,  use  direct  aqueous  injection 
(Ref.  4-6)  or  EPA  Method  603,  Acrolein 
and  Acrylonitrile,  EMSL,  Cincinnati. 
Ohio. 

2.  Summary  of  Method. 

21. '  A  sample  of  wastewater  is 
purged  with  a  stream  of  inert  gas.  The 
gas  is  bubbled  through  a  5  ml  water 
sample  contained  in  a  specially 
designed  purging  chamber.  The  volatile 
organics  are  efficiently  transferred  from 
the  aqueous  phase  into  the  gaseous 
phase  where  they  are  passed  through  a 
sorbent  bed  designed  to  trap  out  the 
organic  volatiles.  After  purging  is 
complete,  the  trap  is  backflushed  while 
being  rapidly  heated  in  order  to 
thermally  desorb  the  components  into 
the  inlet  of  a  gas  chromatograph.  The 
components  are  separated  via  the  gas 
chromatograph  and  detected  using  a 
mass  spectrometer  which  is  used  to 
provide  both  qualitative  and 
quantitative  information.  The 
chromatographic  conditions  as  well  as 
typical  mass  spectrometer  operating 
parameters  are  given. 

3.  Interferences. 


3.1  Interferences  coextracted  from 
the  samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled.  Impurities 
in  the  purge  gas  and  organic  compounds 
out-gassing  from  the  plumbing  ahead  of 
the  trap  account  for  the  majority  of 
contamination  problems.  The  analytical 
system  must  be  demonstrated  to  be  free 
from  interferences  under  the  conditions 
of  the  analysis  by  running  method 
blanks.  Method  blanks  are  run  by 
charging  the  purging  device  with 
organic-free  water  and  analyzing  it  in  a 
normal  manner.  The  use  of  non-TFE 
plastic  tubing,  non-TFE  thread  sealants, 
or  flow  controllers  with  rubber 
components  in  the  p  urging  device  should 
be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics 
(particularly  methylene  chloride) 
through  the  septum  seal  into  the  sample 
during  shipment  and  storage.  A  Held 
blank  prepared  from  organic-free  water 
and  carried  through  the  sampling  and 
handling  protocol  can  serve  as  a  check 
on  such  contamination. 

3.3  Cross  contamination  can  occur 
whenever  high  level  and  low  level 
samples  are  sequentially  analyzed.  To 
reduce  cross  contamination,  it  is 
recommended  that  the  purging  device 
and  sample  syringe  be  rinsed  out  twice, 
between  samples,  with  organic-free 
water.  Whenever  an  unusually 
concentrated  sample  is  encountered,  it 
should  be  followed  by  an  analysis  of 
organic-free  water  to  check  for  cross- 
contamination.  For  samples  containing 
large  amounts  of  water  soluble 
materials,  suspended  solids,  high  boiling 
compounds,  or  high  organohalide  levels, 
it  may  be  necessary  to  wash  out  the 
purging  device  with  a  soap  solution, 
rinse  with  distilled  water,  and  then  dry 
in  a  105°C  oven  between  analyses. 

4.  Apparatus  and  Materials. 

4.1.  Sampling  equipment,  for  discrete 
sampling. 

4.1.1  Vial,  with  cap — 40  ml  capacity 
screw  cap  (Pierce  #13075  or  equivalent). 
Detergent  wash  and  dry  vial  at  105°C  for 
one  hour  before  use. 

4.1.2  Septum — Teflon-faced  silicone 
(Pierce  #12722  or  equivalent).  Detergent 
wash  and  dry  at  105°C  for  one  hour 
before  use. 

4.2  Purge  and  trap  device — The 
purge  and  trap  equipment  consists  of 
three  separate  pieces  of  apparatus:  a 
purging  device,  a  trap,  and  a  desorber. 
The  complete  device  is  available 
commercially  from  several  vendors  or 
can  be  constructed  in  the  laboratory 
according  to  the  specifications  of  Bellar 
and  Lichtenberg  (Ref.  2,3).  The  sorbent 
trap  consists  of  Vs  in.  O.D.  (0.105  in.  I.D.) 


x  25  cm  long  stainless  steel  tubing 
packed  with  15  cm  of  Tenax-GC  (60-80 
mesh)  and  8  cm  of  Davison  Type-15 
silica  gel  (35-60  mesh).  See  figures  1 
through  4.  Ten  centimeter  traps  may  be 
used  providing  that  the  recoveries  are 
comparable  to  the  25  cm  traps. 

4.3  Gas  chromatograph— Analytical 
system  complete  with  a  temperature 
programmable  gas  chromatograph 
suitable  for  on-column  injection  and  all 
required  accessories  including  an 
analytical  column. 

4.3.1  Column  1 — An  8  ft.  stainless 
steel  column  (Vs  in.  OD  x  0.90  to  0.105  in. 
ID)  packed  with  1%  SP-1000  coated  on 
60/80  mesh  Carbopack  B  preceded  by  a 
5-cm  precolumn  packed  with  1%  SP-1000 
coated  on  60/80  mesh  Chromosorb  W.  A 
glass  column  (V«  in  OD  x  2  mm  ID)  may 
be  substituted.  The  precolumn  is 
necessary  only  during  conditioning. 

4.3.2  Column  2 — An  8  ft.  stainless 
steel  column  [Vs  in  OD  x  0.09  to  0.105  in. 
ID)  packed  with  0.2%  Carbowax  1500 
coated  on  60/80  mesh  Carbopack  C 
preceded  by  a  1  ft.  stainless  steel 
column  ( Vs  in.  OD  x  0.09  to  0.105  in.  ID) 
packed  with  3%  Carbowax  1500  coated 
on  60/80  mesh  Chromosorb  W.  A  glass 
column  [V4  in.  OD  x  2  mm  ID)  may  be 
substituted.  The  precolumn  is  necessary 
only  during  conditioning. 

4.4  Syringes — glass,  5-ml  hypodermic 
with  Luer-Lok  tip  (3  each). 

4.5  Micro  syringes — 10,  25, 100  p.1. 

4.6  2-way  syringe  valve  with  Luer 
ends  (3  each.  Teflon  or  Kel-F). 

4.7  Syringe — 5  ml  gas-tight  with  shut¬ 
off  valve. 

4.8  8-inch,  20-gauge  syringe  needle — 
One  per  each  5-ml  syringe. 

4.9  Mass  Spectrometer — capable  of 
scanning  from  20-260  in  six  seconds  or 
less  at  70  volts  (nominal),  and  producing 
a  recognizable  mass  spectrum  at  unit 
resolution  from  50  ng  of  DFTPP  when 
injected  through  the  GC  inlet.  The  mass 
spectrometer  must  be  interfaced  with  a 
gas  chromatograph  equipped  with  an 
all-glass,  on-column  injector  system 
designed  for  packed  column  analysis. 

All  sections  of  the  transfer  lines  must  be 
glass  or  glass-lined  and  deactivated.  Use 
Sylon-CT,  Supelco,  (or  equivalent)  to 
deactivate.  The  GC/MS  interface  can 
utilize  any  separator  that  gives 
recognizable  mass  spectra  (background 
corrected)  and  acceptable  calibration 
points  at  the  limit  of  detection  specified 
for  each  compound  in  Table  2. 

4.10  A  computer  system  should  be 
interfaced  to  the  mass  spectrometer  to 
allow  acquisition  of  continuous  mass 
scans  for  the  duration  of  the 
chromatographic  program.  The  computer 
system  should  also  be  equipped  with 
mass  storage  devices  for  saving  all  data 
from  GC-MS  runs.  There  must  be 
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computer  software  available  to  allow 
searching  any  GC/MS  run  for  specific 
ions  and  plotting  the  intensity  of  the 
ions  with  respect  to  time  or  scan 
number.  The  ability  to  integrate  the  area 
under  a  specific  ion  plot  peak  is 
essential  for  quantification. 

5.  Reagents. 

5.1  Sodium  thiosulfate — (ACS) 
Granular. 

5.2  Trap  Materials 

5.2.1  Porous  polymer  packing  60/80 
mesh  chromatographic  grade  Tenax  GC 
(2,6-diphenylene  oxide). 

5.2.3  Silica  gel-(35-60  mesh) — 

5.2.2  Three  percent  OV-1  on 
Chromosorb-W  60/80  mesh.  Davison, 
grade-15  or  equivalent. 

5.3  Activated  carbon — Filtrasorb-200 
(Calgon  Corp.)  or  equivalent. 

5.4  Organic-free  water 

5.4.1  Organic-free  water  is  defined 
as  water  free  of  interference  when 
employed  in  the  purge  and  trap 
procedure  described  herein.  It  is 
generated  by  passing  tap  water  or  well 
water  through  a  carbon  filter  bed 
containing  about  1  lb.  of  activated 
carbon. 

5.4.2  A  water  system  (Millipore 
Super-Q  or  equivalent)  may  be  used  to 
generate  organic-free  deionized  water. 

5.4.3  Organic-free  water  may  also  be 
prepared  by  boiling  water  for  15 
minutes.  Subsequently,  while 
maintaining  the  temperature  at  90°C, 
bubble  a  contaminant-free  inert  gas 
through  the  water  for  one  hour.  While 
still  hot,  transfer  the  water  to  a  narrow 
mouth  screw  cap  bottle  equipped  with  a 
Teflon  seal. 

5.5  Stock  standards  (2  mg/ml) — 
Prepare  stock  standard  solutions  in 
methanol  using  assayed  liquids  or  gases 
as  appropriate.  Because  of  the  toxicity 
of  some  of  the  organohalides,  primary 
dilutions  of  these  materials  should  be 
prepared  in  a  hood.  A  NIOSH/MESA 
approved  toxic  gas  respirator  should  be 
worn  when  the  analyst  handles  high 
concentrations  of  such  materials. 

5.5.1  Place  about  9.8  ml  of  methanol 
into  a  10  ml  ground  glass  stoppered 
volumetric  flask.  Allow  the  flask  to 
stand,  unstoppered,  for  about  10  minutes 
or  until  all  alcohol  wetted  surfaces  have 
dried.  Tare  the  flask  to  the  nearest  0.1 
mg. 

5.5.2  Add  the  assayed  reference 
material: 

5.5.2.1  Liquids — using  a  100  pi 
syringe,  immediately  add  2  to  3  drops  of 
assayed  reference  material  to  the  flask, 
then  reweigh.  Be  sure  that  the  drops  fall 
directly  into  the  alcohol  without 
contacting  the  neck  of  the  flask. 

5.5.2.2  Gases — To  prepare  standards 
of  bromomethane,  chloroethane, 
chloromethane,  and  vinyl  chloride,  fill  a 


5-ml  valved  gas-tight  syringe  with  the 
reference  standard  to  the  5.0-ml  mark. 
Lower  the  needle  to  5  mm  above  the 
methyl  alcohol  menicus.  Slowly  inject 
the  reference  standard  into  the  neck  of 
the  flask  (the  heavy  gas  will  rapidly 
dissolve  into  the  methyl  alcohol). 

5.5.3  Reweigh  the  flask,  dilute  to 
volume,  stopper,  then  mix  by  inverting 
the  flask  several  times.  Transfer  the 
standard  solution  to  a  15-ml  screw-cap 
bottle  equipped  with  a  Teflon  cap  liner. 

5.5.4  Calculate  the  concentration  in 
mg  per  ml  (equivalent  to  pg  per  pi)  from 
the  net  gain  in  weight. 

5.5.5  Store  stock  standards  at  4°  C. 
Prepare  fresh  standards  every  second 
day  for  the  four  gases  and  2- 
chloroethylvinyl  ether.  All  other 
standards  must  be  replaced  with  fresh 
standards  each  week. 

5.6  Surrogate  Standard  Dosing 
Solution — From  stock  standard  solutions 
prepared  as  above,  add  a  volume  to  give 
1000  pg  each  of  bromochloromethane, 
2-bromo-l-chloropropane,  and  1,4- 
dichlorobutane  to  40  ml  of  organic-free 
water  contained  in  a  50-ml  volumetric 
flask,  mix  and  dilute  to  volume.  Prepare 
a  fresh  surrogate  standard  dosing 
solution  weekly.  Dose  the  surrogate 
standard  mixture  into  every  5-ml  sample 
and  reference  standard  analyzed. 

6.  Calibration. 

6.1  Using  the  stock  standards, 
prepare  secondary  dilution  standards  of 
the  compounds  of  interest,  either  singly 
or  mixed  together  in  methanol.  The 
standards  should  be  at  concentrations 
such  that  the  aqueous  standards 
prepared  in  6.2  will  bracket  the  working 
range  of  the  chromatographic  system.  If 
the  limit  of  detection  listed  in  Table  2  is 
10  pg/1,  for  example,  prepare  secondary 
methanolic  standards  at  100  pg/1,  and 
500  pg/1,  so  that  aqueous  standards 
prepared  from  thee  secondary 
calibration  standards,  and  the  primary 
standards,  will  define  the  linearity  of  the 
detector  in  the  working  range. 

6.2  Using  both  the  primary  and 
secondary  dilution  standards,  prepare 
calibration  standards  by  carefully 
adding  20.0  pi  of  the  standard  in 
methanol  to  100,  500,  or  1000  ml  of 
organic-free  water.  A  25  pi  syringe 
(Hamilton  702N  or  equivalent)  should  be 
used  for  this  operation.  These  aqueous 
standards  must  be  prepared  fresh  daily. 

6.3  Assemble  the  necessary  gas 
chromatographic  and  mass  spectrometer 
apparatus  and  establish  operating 
parameters  equivalent  to  those 
indicated  in  Table  2.  By  injecting 
secondary  dilution  standards,  establish 
the  linear  range  of  the  analytical  system 
for  each  compound  and  demonstrate 
that  the  analytical  system  meets  the 


limit  of  detection  requirements  in  Table 

2. 

6.4  Assemble  the  necessary  purge 
and  trap  device.  Pack  the  trap  as  shown 
in  Figure  2  and  condition  overnight  at  a 
nominal  180°  C  by  backflushing  with  an 
inert  gas  flow  of  at  least  20  ml/min. 
Daily,  prior  to  use,  condition  the  traps 
for  10  minutes  by  backflushing  at  180°  C. 
Analyze  aqueous  calibration  standards 
(6.2)  according  to  the  purge  and  trap 
procedure  in  Section  9.  Compare  the 
responses  to  those  obtained  by  injection 
of  standards  (6.3),  to  determine  the 
analytical  precision.  The  analytical 
precision  of  the  analysis  of  aqueous 
standards  must  be  comparable  to  data 
presented  by  Bellar  and  Lichtenberg 
(1978,  Ref.  1)  before  reliable  sample 
analysis  may  begin. 

6.5  Internal  Standard  Method — The 
internal  standard  approach  is 
acceptable  for  the  purgeable  organics. 
The  utilization  of  the  internal  standard 
method  requires  the  periodic 
determination  of  response  factors  (RF) 
which  are  defined  in  equation  1. 

Eq.  (1)  RF  =  (A.Cto)/(AuC.) 

Where: 

A,  is  the  integrated  area  or  peak  height  of 
the  characteristic  ion  for  the  priority  pollutant 
standard. 

A,,  is  the  integrated  area  or  peak  height  of 
the  characteristic  ion  for  the  internal 
standard. 

Cte  is  the  amount  of  the  internal  standard  in 
P8- 

C,  is  the  amount  of  the  pollutant  standard 
in  pg. 

The  relative  response  ratio  for  each 
pollutant  should  be  known  for  at  least 
two  concentration  values — 50  ng 
injected  to  approximate  10  pg/1  and  500 
ng  to  approximate  the  100  pg/1  level. 
Those  compounds  that  do  not  respond 
at  either  of  these  levels  may  be  run  at 
concentrations  appropriate  to  their 
response.  The  response  factor  (RF)  must 
be  determined  over  all  concentration 
ranges  of  standard  (C,)  which  are  being 
determined.  (Generally,  the  amount  of 
internal  standard  added  to  each  extract 
is  the  same  so  that  Ci(  remains 
constant.)  This  should  be  done  by 
preparing  a  calibration  curve  where  the 
response  factor  (RF)  is  plotted  against 
the  standard  concentration  (Cs).  Use  a 
minimum  of  three  concentrations  over 
the  range  of  interest.  Once  this 
calibration  curve  has  been  determined, 
it  should  be  verified  daily  by  injecting  at 
least  one  standard  solution  containing 
internal  standard.  If  significant  drift  has 
occurred,  a  new  calibration  curve  must 
be  constructed. 

Note. — EPA,  through  its  contractors  and 
certain  of  its  Regional  Laboratories,  is 
currently  evaluating  selected  compounds  for 
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use  as  internal  standards  in  the  analysis  of 
organics  by  purge  and  trap. 

6.6  The  external  standard  method 
can  also  be  used  at  the  discretion  of  the 
analyst.  Prepare  a  master  calibration 
curve  using  a  minimum  of  three 
standard  solutions  of  each  of  the 
compounds  that  are  to  be  measured.  Plot 
concentrations  versus  integrated  areas 
or  peak  heights  (selected  characteristic 
ion  for  GC/MS).  One  point  on  each 
curve  should  approach  the  method 
detection  limit.  After  the  master  set  of 
instrument  calibration  curves  have  been 
established,  they  should  be  verified 
daily  by  injecting  at  least  one  standard 
solution.  If  significant  drift  has  occurred, 
a  new  calibration  curve  must  be 
constructed. 

7.  Quality  Control. 

7.1  Before  processing  any  samples, 
the  analyst  should  daily  demonstrate, 
through  the  analysis  of  an  organic-free 
water  method  blank,  that  the  entire 
analytical  system  is  interference-free. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  to  validate  the  precision  of  the 
sampling  technique.  Laboratory 
replicates  should  be  analyzed  to 
validate  the  precision  of  the  analysis. 
Fortified  samples  should  be  analyzed  to 
validate  the  accuracy  of  the  analysis. 

7.3  The  analyst  should  maintain 
constant  surveillance  of  both  the 
performance  of  the  analytical  system 
and  the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
determining  the  precision  of  the  method 
in  blank  water  and  spiking  each  5-ml 
sample,  standard,  and  blank  with 
surrogate  halocarbons. 

7.3.1  Determine  the  precision  of  the 
method  by  dosing  blank  water  with  the 
compounds  selected  as  surrogate 
standards — bromochloromethane,  2- 
bromo-l-chloropropane,  and  1,4- 
dichlorobutane — and  running  replicate 
analyses.  Calculate  the  recovery  and  its 
standard  deviation.  These  compounds 
represent  early,  middle,  and  late  eluters 
over  the  range  of  the  pollutant 
compounds. 

7.3.2  The  sample  matrix  can  affect 
the  purging  efficiencies  of  individual 
compounds;  therefore,  each  sample  must 
be  dosed  with  the  surrogate  standards 
and  analyzed  in  a  manner  identical  to 
the  internal  standards  in  blank  water.  If 
the  recovery  of  the  surrogate  standard 
show's  a  deviation  greater  than  two 
standard  deviations  (7.3.1),  repeat  the 
dosed  sample  analyses.  If  the  deviation 
is  again  greater  than  two  standard 
deviations,  dose  another  aliquot  of  the 
same  sample  with  the  compounds  of 
interest  at  approximately  two  times  the 


measured  values  and  analyze.  Calculate 
the  recovery  for  the  individual 
compounds  using  these  data. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected 
in  glass  containers  having  a  total 
volume  greater  than  20  ml.  Fill  the 
sample  bottles  in  such  a  manner  that  no 
air  bubbles  pass  through  the  sample  as 
the  bottle  is  being  filled.  Seal  the  bottles 
so  that  no  air  bubbles  are  entrapped  in 
it.  Maintain  the  hermetic  seal  on  the 
sample  bottle  until  time  of  analysis. 

8.2  The  sample  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  If  the  sample  contains, 
residual  chlorine,  add  sodium 
thiosulfate  preservative  (10  p.g/40  ml)  to 
the  empty  sample  bottles  just  prior  to 
shipping  to  the  sample  site,  fill  with 
sample  just  to  overflowing,  seal  the 
bottle,  and  shake  vigorously  for  1 
minute. 

8.3  All  samples  must  be  analyzed 
within  7  days  of  collection. 

9.  Sample  Extraction  and  Gas 
Chromatography. 

9.1  Remove  standards  and  samples 
from  cold  storage  (approximately  an 
hour  prior  to  an  analysis)  and  bring  to 
room  temperature  by  placing  in  a  warm 
water  bath  at  20-25°C. 

9.2  Adjust  the  purge  gas  (nitrogen  or 
helium)  flow  rate  to  40  ml/min.  Attach 
the  trap  inlet  to  the  purging  device,  and 
set  the  device  to  the  purge  mode.  Open 
the  syringe  valve  located  on  the  purging 
device  sample  introduction  needle. 

9.3  Remove  the  plunger  from  a  5  ml 
syringe  and  attach  a  closed  syringe 
valve.  Open  the  sample  bottle  (or 
standard)  and  carefully  pour  the  sample 
into  the  syringe  barrel  until  it  overflows. 
Replace  the  syringe  plunger  and 
compress  the  sample.  Open  the  syringe 
valve  and  vent  any  residual  air  while 
adjusting  the  sample  volume  to  5.0  ml. 
Since  this  process  of  taking  an  aliquot 
destroys  the  validity  of  the  sample  for 
future  analysis,  the  analyst  should  fill  a 
second  syringe  at  this  time  to  protect 
against  possible  loss  of  data.  Add  5.0  p.1 
of  the  surrogate  spiking  solution  (7.3) 
through  the  valve  bore,  then  close  the 
valve. 

9.4  Attach  the  syringe-valve 
assembly  to  the  syringe  valve  on  the 
purging  device.  Open  the  syringe  valve 
and  inject  the  sample  into  the  purging 
chamber. 

9.5  Close  both  valves  and  purge  the 
sample  for  12.0  ±.05  minutes. 

9.6  After  the  12-minute  purge  time, 
attach  the  trap  to  the  chromatograph, 
and  adjust  the  device  to  the  desorb 
mode.  Introduce  the  trapped  materials  to 
the  GC  column  by  rapidly  heating  the 
trap  to  180X  while  backflushing  the 


trap,  with  an  inert  gas,  at  20  to  60  ml/ 
min  for  4  minutes.  If  rapid  heating 
cannot  be  achieved,  the  gas 
chromatographic  column  must  be  used 
as  a  secondary  trap  by  cooling  it  to  30°C 
(or  subambient,  if  problems  persist) 
instead  of  the  initial  program 
temperature  of  45°C. 

9.7  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the  chamber 
with  two  5-ml  flushes  of  organic-free 
water.  After  the  purging  device  has  been 
emptied,  continue  to  allow  the  purge  gas 
to  vent  through  the  chamber  until  the  frit 
is  dry,  and  ready  for  the  next  sample. 

9.8  After  desorbing  the  sample  for 
four  minutes,  recondition  the  trap  by 
returning  the  purge  and  trap  device  to 
the  purge  mode.  Wait  15  seconds  then 
close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the 
trap.  Maintain  the  trap  temperature  at 
180°C.  After  approximately  seven 
minutes,  turn  off  the  trap  heater  and 
open  the  syringe  valve  to  stop  the  gas 
flow  through  the  trap.  When  cool,  the 
trap  is  ready  for  the  next  sample.  (Note: 
If  this  bake  out  step  is  omitted,  the 
amount  of  water  entering  the  GC/MS 
system  will  progressively  increase 
causing  deterioration  of  and  potential 
shut  down  of  the  system.) 

9.9  The  analysis  of  blanks  is  most 
important  in  the  purge  and  trap 
technique  since  the  purging  device  and 
the  trap  can  be  contaminated  by 
residues  from  very  concentrated 
samples  or  by  vapors  in  the  laboratory. 
Prepare  blanks  by  filling  a  sample  bottle 
with  organic-free  water  that  has  been 
prepared  by  passing  distilled  water 
through  a  pretested  activated  carbon 
column.  Blanks  should  be  sealed,  stored 
at  4°C,  and  analyzed  with  each  group  of 
samples. 

10.  Gas  Chromatography — Mass 
Spectrometry. 

10.1  Table  2  summarizes  the 
recommended  gas  chromatographic 
column  materials  and  operting 
conditions  for  the  instrument.  Included 
in  this  table  are  estimated  retention 
times  and  sensitivities  that  should  be 
achieved  by  this  method.  An  example  of 
the  separation  achieved  by  Column  1  is 
shown  in  Figure  5. 

10.2  GC-MS  Determination — 
Suggested  analytical  conditions  for 
determination  of  the  pollutants 
amenable  to  purge  and  trap,  using  the 
Tekmar  LCS-1  and  GC/MS  are  given 
below.  Operating  conditions  vary  from 
one  system  to  another;  therefore,  each 
analyst  must  optimize  the  conditions  for 
each  purge  and  trap  and  GC/MS  system. 

10.3  Purge  Parameters. 
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Sample  size — 5.0  ml. 

Purge  gas — Helium,  high  purity  grade. 

Purge  time — 12  minutes. 

Purge  flow — 40  ml/min. 

Trap  dimensions — Vfe  in.  O.D.  (0.105  in. 

I. D.)x25  cm  long. 

Trap  sorbent — Tenax-CC,  60/80  mesh  (15 

cm),  plus  Type  15  silica  gel.  35/60  mesh  (6 

cm). 

Desorption  flow — 20  ml/min. 

Desorption  time — 4  min. 

Desorption  temperature — 180°  C. 

10.4  Mass  Spectrometer  Parameters. 

Electron  energy — 70  volts  (nominal). 

Mass  range — 20-27,  33-260  amu. 

Scan  time — 6  seconds  or  less. 

10.5  Calibration  of  the  gas 
chromatography-mass  spectrometry 
(GC-MS  system — Evaluate  the  system 
performance  each  day  that  it  is  to  be 
used  for  the  analysis  of  samples  or 
blanks  by  examining  the  mass  spectrum 
of  DFTPP  or  BFB. 

10.5.1  To  use  DFTPP,  remove  the 
analytical  column  and  substitute  a 
column  more  appropriate  to  the  boiling 
point  of  the  reference  compound  (e.g.  3% 
SP-2250  on  Supelcoport).  Inject  a 
solution  containing  50  ng  DFTPP  and 
check  to  insure  that  the  performance 
criteria  listed  in  Table  3  are  met. 

10.5.2  To  use  BFB,  inject  a  solution 
containing  20  ng  BFB  and  check  to 
insure  that  the  performance  criteria 
listed  in  Table  4  are  met. 

10.5.3  If  the  system  performance 
criteria  are  not  met  for  either  test,  the 
analyst  must  retune  the  spectrometer 
and  repeat  the  performance  check.  The 
performance  criteria  must  be  met  before 
any  samples  or  standards  may  be 
analyzed. 

10.6  Analyze  an  internal  or  external 
calibration  standard  to  develop 
response  factors  for  each  compound. 

II.  Qualitative  and  Quantitative 
Determination. 

11.1  To  qualitatively  identify  a 
compound,  obtain  an  Extracted  Ion 
Current  Profile  (EICP)  for  the  primary 
ion  and  at  least  two  other  ions  (if 
available)  listed  in  Table  5.  The  criteria 
below  must  be  met  for  a  qualitative 
identification. 

11.1.1  The  characteristic  ions  for  the 
compound  must  be  found  to  maximize  in 
the  same  or  within  one  spectrum  of  each 
other. 

11.1.2  The  retention  time  at  the 
experimental  mass  spectrum  must  be 
within  ±60  seconds  of  the  retention 
time  of  the  authentic  compound. 

11.1.3  The  ratios  of  the  three  EICP 
peak  heights  must  agree  within  ±20% 
with  the  ratios  of  the  relative  intensities 
for  these  ions  in  a  reference  mass 
spectrum.  The  reference  mass  spectrum 
can  be  obtained  from  either  a  standard 


analyzed  through  the  GC-MS  system  or 
from  a  reference  library. 

11.1.4  Structural  isomers  that  have 
very  similar  mass  spectra  can  be 
explicitly  identified  only  if  the  resolution 
between  the  isomers  in  a  standard  mix 
is  acceptable.  Acceptable  resolution  is 
achieved  if  the  valley  height  between 
isomers  is  less  than  25%  of  the  sum  of 
the  two  peak  heights.  Otherwise, 
structural  isomers  are  identified  as 
isomeric  pairs. 

11.2  The  primary  ion  listed  in  Table  5 
is  to  be  used  to  quantify  each 
compound.  If  the  sample  prodiices  an 
interference  for  the  primary  ion,  use  a 
secondary  ion  to  quantify. 

11.3  For  low  concentrations,  or  direct 
aqueous  injection  of  acrylonitrile  and 
acrolein,  the  characteristic  masses  listed 
for  the  compounds  in  Table  5  may  be 
used  for  selected  ion  monitoring  (SIM). 
SIM  is  the  use  of  a  mass  spectrometer  as 
a  substance  selective  detector  by 
measuring  the  mass  spectrometric 
response  at  one  or  several  characteristic 
masses  in  real  time. 

11.4  Internal  Standard  Method 
Calculations — By  adding  a  constant 
known  amount  of  internal  standard  (Ci9 
in  pg)  to  every  sample  extract,  the 
concentration  of  the  pollutant  (CD)  in 
p.g/1  in  the  sample  is  calculated  using 
equation  2. 

(AJ(CJ 

Eq  (2>C.=  _ 

<AJ(RF)(V„) 

Where: 

V0  is  the  volume  of  the  original  sample  in 
liters,  and  the  other  terms  are  defined  as 
in  Section  6.5.  To  quantify,  add  the 
internal  standard  to  the  5.0  ml  sample  no 
more  than  a  few  minutes  before  purging 
to  minimize  the  possibility  of  losses  due 
to  evaporation,  adsorption,  or  chemical 
reaction.  Calculate  the  concentration  by 
using  the  previous  equations  with  the 
appropriate  response  factor  taken  from 
the  calibration  curve. 

11.5  Extenral  Standard  Method 
Calculations — The  concentration  of  the 
unknown  can  be  calculated  from  the 
slope  and  intercept  of  the  multiple  point 
calibration  curve.  The  unknown 
concentration  can  be  determined  using 
equation  3. 

<A) 

Eq  (3)  micrograms  per  liter  =ng/ml  =  - 

,  <VJ 

Where: 

A  =  Mass  of  compound  from  calibration  curve 
(ng/5  ml). 

V,  =  volume  of  water  purged  (5  ml). 

11.6  An  alternate  external  standard 
approach  for  purgeables  utilizes  a  single 
point  calibration.  Prepare  and  analyze  a 
reference  standard  that  closely 


approximates  the  response  for  each 
component  in  a  sample.  Calculate  the 
concentration  in  the  sample  using 
Equation  4. 

(A)(B) 

Eq.  4  micrograms  per  liter  - - 

(C) 

Where: 

A = area  of  the  unknown 
B  —  concentration  of  standard  (>tg/l) 

C  =  area  of  the  standard. 

11.7  Report  all  results  to  two 
significant  figures.  When  duplicate  and 
spiked  samples  are  analyzed,  all  data 
obtained  should  be  reported.  Report 
results  in  micrograms  per  liter  without 
correction  for  recovery  data. 
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Table  I 


Parameter  STORET  No. 


Acrolein . . . . . . .  3421 0 

Acrylonitrile  . . 34215 

Benzene . . . 34236 

Bromomethane . - . . . . . . . .  34413 

Bromodichlorometfiane . . ... _ _  32101 

Bromcform . . 32104 

Carbon  Tetractilonde . . 32102 

Chlorobenzene . 34301 

Chloroethane . : . .  34311 

2-ChloroeIhylvinyt  ether _ _ _ ..... _ _ _  34578 

Chloroform . . 32106 

CMoromethane . 34418 

Dibromochloromethane  _ 34105 

1 . 1  -DicMoroethane  _ .... _ _ _ _  34496 
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Table  1— Continued 


Parameter  STORET  No. 


1 .2- Dichloroethane _ _ _ .......... -  34531 

1 . 1  -Dichloroethene .... - - - ........ - -  34501 

trans-1,2-Dichloroethene .  34546 

1 .2- Dichlor  opropane -  34541 

cis- 1 ,3-Dichtoropropene ....... - - -  3456 1 

trans-1, 3-Dichloropropene _  34561 

Ethylbenzene -  34371 

Methylene  chloride - - ....  34423 

1 . 1 .2.2- T  etrachloroethane .  34516 

T  etrachlorethene .  34475 

1.1.1- Trichloroethane _ ..........  34506 

1 . 1 .2- T  richloroethane _ 34511 

Tiichloroethene - ..........  39180 

T  richlorofluoromethane . . . ....... _ —  34488 

Toluene _ _ _ _ ™™ — ™  34010 

Vinyl  chloride _ ........ _ _ — ... — ..  39175 


Table  2 .—Gas  Chromatography  of  Organics  by 
Purge  and  Trap 


Compound 

Retention  time 
(minutes) 

Limit  of 

Col.  1  1  Col.  2  * 

(pg/l) 

chloromethane . 

1.50 

2.10 

10 

bromomethane . . 

2.17 

2.50 

10 

vinyl  chloride _ 

2.67 

257 

10 

chloroethane . 

3.33 

2.82 

10 

methylene  chloride . 

5.25 

403 

10 

thchlorofluoromethane.. 

7.18 

5.14 

10 

1 . 1  -dichloroethene ........ 

7.92 

5.25 

10 

bromochloromethane 

(SS) . 

848 

6.31 

1.1 -dichloroethane _ 

9.30 

648 

10 

trans-1. 2- 

dichloroethene _ 

10.08 

681 

10 

chloroform _ 

10.68 

7.70 

10 

1,2-dichloroethane . 

11.40 

829 

10 

1,1,1-tnchloroetnane _ 

12.60 

928 

10 

carbon  tetrachloride . 

13.02 

945 

10 

bromodichloromethane . 

13  65 

1036 

10 

1 ,2-dichlor  opropane _ _ 

14.92 

11.30 

10 

trans-1. 3- 

dichloropropene . 

15.22 

11  70 

10 

tnchloroethene . 

15.80 

11  98 

10 

dibromochloromethane . 

1648 

1286 

10 

1 , 1 ,2-trichloroethane ..... 

16.52 

12.86 

10 

cis-1 ,3-dichloropropene 

16.53 

12.86 

10 

12  95 

10 

2-chloroethylvinyl  ether 

18.00 

13.71 

10 

2-bromo-1- 

13  82 

bromoform . 

19.23 

15.41 

10 

1.1.2.2- 

tetrachloroethane . 

21.62 

17.70 

10 

tetrachloroethene . 

21.67 

17.44 

10 

18.13 

18.53 

10 

chlorobenzene . 

24.18 

20.57 

10 

ethylbenzene . 

_ _ _ _ 

25  06 

10 

MOO 

acrylonitrile . 

*100 

'Eight  n.  stainless  steel  column  (178  in  ODxO.1  in.  ID) 
packed  with  1%  SP-1000  coated  on  60/80  mesh  Carbopack 
B  preceded  by  a  1  ft.  stainless  steel  column  (1/8  in.  ODxO  1 
in.  ID)  packed  with  1%  SP-1000  coated  on  60/80  mesh 
Chromosorb  W.  (A  glass  column  (1/4  in.  ODx2  mm  ID)  may 
be  substituted).  Carrier  gas  helium  at  40  ml/mm.  Temperature 
program:  3  min  isothermal  at  45"  C,  then  BVmin  to  220",  hold 
at  220’  for  15  minutes. 

’Eight  ft  stainless  steel  column  (1/8  in.  ODxO.1  in.  ID) 
packed  with  0.2%  Carbowax  1500  coated  on  60/80  mesh 
Carbopack  C  preceded  by  a  1  ft  stainless  steel  column  (1/8 
in.  ODxO  1  in.  ID)  packed  with  3%  Carbowax  1500  coated  on 
60/80  mesh  Chromosorb  W.  A  glass  column  (1/4  in.  ODx2 
mm  ID)  may  be  substituted.  Carrier  gas:  helium  at  40  ml/mm. 
Temperature  program:  3  min  isothermal  at  60"  C  then  8’/min 
to  160".  hold  at  160  until  all  compounds  elute. 

’This  is  a  minimum  level  at  which  the  entire  system  must 
give  recognizable  mass  spectra  and  acceptable  calibration 
points. 

■Sensitivity  refers  to  either  this  method  or  direct  aqueous 
injection  GC-FID  (Ref.  4,5.6). 


Table  3.  —DFTPP  Key  tons  and  ton  Abundance 
Criteria 


Mass  Ion  abundance  criteria 


5f . .  30  to  60  pet  of  mass  198 

68 . ™ .  Less  than  2  pet  of  mass  69. 

70 . .  Less  than  2  pet  of  mass  69. 

127.. .™ . . .  40  to  60  pet  of  mass  198. 

197  _ _  Less  than  1  pet  of  mass  198 

198  .  Base  peak.  100  pet  relative 

abundance 

199.. .. .  5  to  9  pet  of  mass  198. 

275 .  10  to  30  pet  of  mass  198. 

365 .  Greater  than  1  pet  of  mass  198. 

441  .  Present  but  less  than  mass  443. 

442  _ _  Greater  than  40  pet  of  mass  198. 

443  _ ........ _  17  to  23  pet  of  mass  442. 


Table  4  —BFB  Keyl  tons  and  ton  Abundance  Criteria 


Mass  Ion  abundance  criteria 


50 . . . .  20  to  40  pet  of  mass  95. 

75 .  50  to  70  pet  of  mass  95. 

95  .  Base  peak,  100  pet  relative 

abundance. 

96  . .-. . . 6  to  9  pet  of  mass  95. 

173  .  Less  than  1  pet  of  mass  95 

174  .  70  to  90  pci  of  mass  95. 

175  . .  5  to  9  pet  of  mass  95. 

176  . . .  70  to  90  pci  of  mass  95. 

177  .  5  to  9  pet  of  mass  95. 


Table  5  —Characteristic  Ions  of  Volatile  Organics 


Compound  E I  ions  Primary  ion 


chloromethane . 50 

bromomethane .  94 

vinyl  chloride . . . 62 

chloroethane _ _ _ .... _  64 

methylene  chloride............™........... _ 49 

trichloroftuoromethane............™.........™.™ _  101 

1 . 1  -dichloroethene .  61 

bromochloromethane  (SS) _ _ ... _  49 

1 . 1  -dichloroethane . 63 

85 

trans-1 ,2-dichloroethene............ . 61 

chloroform  . . .  83 

1  ,2-dichloroethane .  62 

1.1.1  -trichloroethane .  97 

carbon  tetrachloride _ ................... _  117 

bromodichloromethane .  83 

1.2- dichlqropropane _ 63 

trans-1 ,3-dichloropropene _ ...................... _ _ _ 75 

trichloraethene .  95 

dibromochloromethane . 129 

cis-1 ,3-dichloropropene .......... _ 75 

1.1.2- trichloroethane _ _ ...........  83 

99 

benzene . . .' _ _ _ _ _ „... _ _  78 

2-chloroethytlvinyt  ether _ _ _ ...  63 

2-bromo-l-chloropropane  (SS) .  77 

bremoform .  171 

252 

tetrachloroethenbe _ _ _ _ _  1 29 

1 . 1 .2.2- tetrachloroethane  _ _ 83 

166 

1 ,4-dichlorobutane  (SS) _ _ _ .....  55 

toluene .  91 

chlorobenzene _ _ _ _ _  1 1 2 

ethylbenzene . 91 

acrolein _ 26 

acrylonitrile _ 26 


52  .  50 

96  . 94 

64  .  62 

66  .  64 

51  84  86  84 

103  . 101 

96  98  96 

130  128  51  128 

65  83  63 

98  100  . . . 

96  98  96 

85  _ 83 

64  98  100  98 

99  117  119  97 

119  121  117 

85  127  129  127 

65  112  114  112 

77  . . 75 

97  130  132  130 

127  208  206  127 

77  . 75 

85  97  . 

132  134  97 

65  106  106 

79  156  77 

173  175  250  173 

254  256  . 

131  164  166  164 

85  131  133  . 

168  . . . . .  168 

90  92  55 

92  _ 92 

114  . 112 

106  .  106 

27  55  56  56 

51  52  S3  53 
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PACKING  PROCEDURE 


GLASS  rm. 
WOOL 
GRADE  15 
SILICA  GEL8CM 


TENAX  15CM 


TRAP  INLET 


CONSTRUCTION 

COMPRESSION 
^  -FITTING  NUT 
AND  FERRULES 
14FT.  7^ /FOOT 
RESISTANCE  WIRE 
WRAPPED  SOLID 
THERMOCOUPLE/ 
CONTROLLER 
SENSOR 


ELECTRONIC 

TEMPERATURE 

CONTROL 

AND 

PYROMETER 


TUBING  25CM 
0.105  IN.  I.D. 
0.125  IN.  O.D. 
STAINLESS  STEEL 


3%  OV-1  1CM 
GLASS  5MM 
WOOL 

Figure  2.  Trap  packings  and  construction  to  include 
desorb  capability 
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CARRIER  GAS 
FLOW  CONTROL 


LIQUID  INJECTION  PORTS 


PRESSURE 

REGULATOR, 


PURGE  GAS 
FLOW  CONTROL  T 


W* 


13X  MOLECULAR  vfr 
SIEVE  FILTER" 


■  COLUMN  OVEN 


nnnn  1  CONFIRMATORY  COLUMN 
«  r  nn  n_L>T0  DETECTOR 
fiiULIU  I  -analytical  column 

\ OPTIONAL  4-PORT  COLUMN 


SELECTION  VALVE 
6-PORT  TRAP  INLET 
!j  VALyE  /  RESISTANCE  wire 


"trapIil _ TRJP  (off)" 

-jFLOW]  22 °C 


HEATER 

CONTROL 


.  PURGING 

U - DEVICE 


Note: 

ALL  LINES  BETWEEN 
TRAP  AND  GC 
SHOULD  BE  HEATED 
TO  80°C. 


Figure  3.  Schematic  of  purge  and  trap  device  -  purge  mode 


CARRIER  GAS 

FLOW  CONTROL  UOUID  INJECTION  PORTS 

' _  ^COLUMN  OVEN 

Lnnnn  T  CONFIRMATORY  COLUMN 


PRESSURE 
REGULATOR . 

— J 


PURGE  GAS  . 
FLOW  CONTROL 


13X  MOLECULAR 
SIEVE  FILTER'  i 


iwzi*  nnnn  •  cuimi-ikmhh 
J^nnpi.  OTO  DETECTOR 

\  —ANALYTICAL  COLUMN 

\ OPTIONAL  4  PORT  COLUMN 


SELECTION  VALVE 
6-PORT  TRAP  INLET 
VALVE  J  RESISTANCE  WIRE 
/  - - . 


TRAP 
180  °C 


ON 


HEATER 

CONTROL 


PURGING 

DEVICE 


Note: 

ALL  LINES  BETWEEN 
TRAP  AND  GC 
SHOULD  BE  HEATED 
TO  80°C. 


Figure  4.  Schematic  of  purge  and  trap  device  -  desorb  mode 


•COLUMN:  1%  SP-1000  ON  CARBOPACK-B 
PROGRAM  :  45°C*3  MINUTES, 8° /MINUTE-  TO  220°C 
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Base/Neutrals,  Acids,  and  Pesticides — 
Method  625 

1.  Scope  and  Application. 

1.1  This  method  covers  the 
determination  of  a  number  of  organic 
compounds  that  are  solvent  extractable 
and  amenable  to  gas  chromatography. 
The  parameters  listed  in  Tables  1,  2  and 
3  may  be  determined  by  this  method. 

1.2  This  method  is  applicable  to  the 
determination  of  these  compounds  in 
municipal  and  industrial  discharges.  It  is 
designed  to  be  used  to  meet  the 
monitoring  requirements  of  the  National 
Pollutants  Discharge  Elimination  System 
(NPDES). 

1.3  The  detection  limit  of  this  method 
is  usually  dependent  upon  the  level  of 
interferences  rather  than  instrumental 
limitations.  The  limits  listed  in  Tables  4, 
5,  and  6  represent  the  minimum  quantity 
that  must  be  injected  into  the  system  to 
get  confirmation  by  the  mass 
spectrometric  method  described  below. 

1.4  The  GC/MS  parts  of  this  method 
are  recommended  for  use  only  by 
analysts  experienced  with  GC/MS  or 
under  the  close  supervision  of  such 
qualified  persons. 

2.  Summary  of  Method. 

2.1  A  1  to  2  liter  sample  of 
wastewater  is  extracted  with  methylene 
chloride  using  separatory  funnel  or 
continuous  extraction  techniques.  If 
emulsions  are  a  problem,  continuous 
extraction  techniques  should  be  used. 
The  extract  is  dried  over  sodium  sulfate 
and  concentrated  to  a  volume  of  1  ml 
using  a  Kudema-Danish  (K-D) 
evaporator.  Chromatographic  conditions 
are  described  which  allow  for  the 
separation  of  the  compounds  in  the 
extract. 

2.2  Quantitative  analysis  is  performed 
by  GC/MS  using  either  the  internal 
standard  or  external  standard 
technique. 

3.  Interferences. 

3.1  Solvents,  reagents,  glassware,  and 
other  sample  processing  hardware  may 
yield  discrete  artifacts  and/or  elevated 
baselines  causing  misinterpretation  of 
chromatograms.  All  of  these  materials 
must  be  demonstrated  to  be  free  from 
interferences  under  the  conditions  of  the 
analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and 
purification  of  solvents  by  distillation  in 
all-glass  systems  may  be  required. 

3.2  Interferences  coextracted  from  the 
samples  will  vary  considerably  from 
source  to  source,  depending  upon  the 
diversity  of  the  industrial  complex  or 
municipality  being  sampled. 

3.3  The  recommended  analytical 
procedure  may  not  have  sufficient 
resolution  to  differentiate  between 
certain  isomeric  pairs.  These  are 


anthracene  and  phenanthrene,  chrysene 
and  benzo(a)anthracene,  and 
benzo(b)fluoranthene  and 
benzo(k)fluoranthene.  The  GC  retention 
time  and  mass  spectral  data  are  not 
sufficiently  unique  to  make  an 
unambiguous  distinction  between  these 
compounds.  Alternative  techniques 
should  be  used  to  identify  and  quantify 
these  specific  compounds.  See 
Reference  1. 

4.  Apparatus  and  Materials. 

4.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

4.1.1  Grab  sample  bottle — amber 
glass,  1-liter  to  1-gallon  volume.  French 
or  Boston  Round  design  is 
recommended.  The  container  must  be 
washed  and  solvent  rinsed  before  use  to 
minimize  interferences. 

4.1.2  Bottle  caps — Threaded  to  fit 
sample  bottles.  Caps  must  be  lined  with 
Teflon.  Aluminum  foil  may  be 
substituted  if  sample  is  not  corrosive. 

4.1.3  Compositing  equipment — 
Automatic  or  manual  compositing 
system.  Must  incorporate  glass  sample 
containers  for  the  collection  of  a 
minimum  of  1000  ml.  Sample  containers 
must  be  kept  refrigerated  during 
sampling.  No  plastic  or  rubber  tubing 
other  than  Teflon  may  be  used  in  the 
system. 

4.2  Separatory  funnel — 2000  ml,  with 
Teflon  stopcock  (Ace  Glass  7228-T-72 
or  equivalent). 

4.3  Drying  column — A  20  mm  ID 
pyrex  chromatographic  column 
equipped  with  coarse  glass  frit  or  glass 
wool  plug. 

4.4  Kudema-Danish  (K-D) 

Apparatus 

4.4.1  Concentrator  tube — 10  ml, 
graduated  (Kontes  K-570050-1025  or 
equivalent).  Calibration  must  be 
checked.  Ground  glass  stopper  (size  19/ 
22  joint)  is  used  to  prevent  evaporation 
of  extracts. 

4.4.2  Evaporative  flask — 500  ml 
(Kontes  K-57001-0500  or  equivalent). 
Attach  to  concentrator  tube  with 
springs.  (Kontes  K-662750-0012). 

4.4.3  Snyder  column — three-ball 
macro  (Kontes  K503000-0232  or 
equivalent). 

4.4.4  Snyder  column — two-ball  micro 
(Kontes  K-569002-0219  or  equivalent). 

4.4.5  Boiling  chips-extracted, 
approximately  10/40  mesh. 

4.5  Water  bath — Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  (±2°  C).  The  bath 
should  be  used  in  a  hood. 

4.6  Gas  chromatograph — Analytical 
system  complete  with  gas 
chromatograph  capable  of  on-column 
injection  and  all  required  accessories 
including  column  supplies,  gases,  etc. 


4.6.1  Column  1 — For  Base/Neutral 
and  Pesticides  a  6-foot  glass  column  [Vt 
in  OD  x  2  mm  ID)  packed  with  3%  SP- 
2250  coated  on  100/120  Supelcoport  (or 
equivalent). 

4.6.2  Column  2 — For  Acids,  a  6-foot 
glass  column  ( V t  in  OD  x  2  mm  ID) 
packed  with  1%  SP-1240  DA  coated  on 
100/120  mesh  Supelcoport  (or 
equivalent). 

4.7  Mass  Spectrometer — Capable  of 
scanning  from  35  to  450  a.m.u.  every  7 
seconds  or  less  at  70  volts  (nominal)  and 
producing  a  recognizable  mass  spectrum 
at  unit  resolution  from  50  ng  of  DFTPP 
when  the  sample  is  introduced  through 
the  GC  inlet  (Reference  2).  The  mass 
spectrometer  must  be  interfaced  with  a 
gas  chromatograph  equipped  with  an 
injector  system  designed  for  splitless 
injection  and  glass  capillary  columns  or 
an  injector  system  designed  for  on- 
column  injection  with  all-glass  packed 
columns.  All  sections  of  the  transfer 
lines  must  be  glass  or  glass-lined  and 
must  be  deactivai  .d.  (Use  Sylon-CT, 
Supelco,  Inc.,  or  equivalent  to 
deactivate.) 

Note. — Systems  utilizing  a  jet  separator  for 
the  GC  effluent  are  recommended  since 
membrane  separators  may  lose  sensitivity  for 
light  molecules  and  glass  hit  separators  may 
inhibit  the  elution  of  polynuclear  aromatics. 
Any  of  these  separators  may  be  used 
provided  that  it  gives  recognizable  mass 
spectra  and  acceptable  calibration  points  at , 
the  limit  of  detection  specified  for  each 
individual  compound  listed  in  Tables  4,  5, 
and  6. 

4.8  A  computer  system  must  be 
interfaced  to  the  mass  spectrometer  to 
allow  acquisition  of  continuous  mass 
scans  for  the  duration  of  the 
chromatographic  program.  The  computer 
system  should  also  be  equipped  with 
mass  storage  devices  for  saving  all  data 
from  GC-MS  runs.  There  must  be 
computer  software  available  to  allow 
searching  any  GC-MS  run  for  specific 
ions  and  plotting  the  intensity  of  the 
ions  with  respect  to  time  or  scan 
number.  The  ability  to  integrate  the  area 
under  any  specific  ion  plot  peak  is 
essential  for  quantification. 

4.9  Continuous  liquid-liquid 
extractors — Teflon  or  glass  connecting 
joints  and  stopcocks,  no  lubrication. 
(Hershberg-Wolf  Extractor — Ace  Glass 
Co.,  Vineland,  N.J.  P/N  6841-10  or 
equivalent). 

5.  Reagents. 

5.1  Sodium  hydroxide — (ACS)  6N  in 
distilled  water. 

5.2  Sulfuric  acid — (ACS)  6N  in 
distilled  water. 

5.3  Sodium  sulfate — (ACS)  granular 
anhydrous  (rinsed  with  methylene 
chloride  (20  ml/g)  and  conditioned  at 
400°  C  for  4  hrs.). 
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5.4  Methylene  chloride — Pesticide 
quality  or  equivalent. 

5.5  Stock  standards — Obtain  stock 
standard  solutions  at  a  concentration  of 
1.00  pg/p.1.  For  example,  dissolve  0.100 
grams  of  assayed  reference  material  in 
pesticide  quality  isooctane  or  other 
appropriate  solvent  and  dilute  to  volume 
in  a  100  ml  ground  glass  stoppered 
volumetric  flask.  The  stock  solution  is 
transferred  to  15  ml  Teflon  lined  screw 
cap  vials,  stored  in  a  refrigerator,  and 
checked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  working 
standards  from  them.  Protect  PNA 
standards  from  light. 

6.  Calibration. 

6.1  Prepare  calibration  standards 
that  contain  the  compounds  of  interest, 
either  singly  or  mixed  together.  The 
standards  should  be  prepared  at 
concentrations  that  will  bracket  the 
working  range  of  the  chromatographic 
system  (two  or  more  orders  of 
magnitude  are  suggested).  If  the  limit  of 
detection  (Tables  4,  5,  or  6)  can  be 
calculated  as  20  ng  injected,  for 
example,  prepare  standards  at  1  pg/ml, 
10  jxg/ml,  100  pg/ml,  etc.  so  that 
injections  of  1-5  /xl  of  the  calibration 
standards  will  define  the  linearity  of  the 
detector  in  the  working  range. 

6.2  Assemble  the  necessary  gas 
chromatographic  apparatus  and 
establish  operating  parameters 
equivalent  to  those  indicated  in  Tables 
4,  5,  and  6.  By  injecting  calibration 
standards,  establish  the  linear  range  of 
the  analytical  system  and  demonstrate 
that  the  analytical  system  meets  the 
limits  of  detection  requirements  of 
Tables  4,  5,  and  6.  If  the  sample  gives 
peak  areas  above  the  working  range, 
dilute  and  reanalyze. 

6.3  Internal  Standard  Method — The 
internal  standard  approach  is 
acceptable  for  all  of  the  semivolatile 
organics.  The  utilization  of  the  internal 
standard  method  requires  the  periodic 
determination  of  response  factors  (RF) 
which  are  defined  in  equation  1. 

Eq.  1  RF=(AlCJ/(AuC.) 

Where: 

A,  is  the  integrated  area  or  peak  height  of  the 
characteristic  ion  for  th$  pollutant 
standard. 

Au  is  the  integrated  area  or  peak  height  of  the 
characteristic  ion  for  the  internal 
standard. 

Q,  is  the  amount  (/xg)  of  the  internal 
standard. 

C,  is  the  amount  (pg)  of  the  pollutant 
standard. 

6.3  The  relative  response  ratio  for 
the  pollutants  should  be  known  for  at 
least  two  concentration  values — 20  ng 
injected  to  approximate  10  p.g/1  and  200 
ng  injected  to  approximate  the  100  fig/\ 


level.  (Assuming  1  ml  final  volume  and  a 
2  p.1  injection).  Those  compounds  that  do 
not  respond  at  either  of  these  levels  may 
be  run  at  concentrations  appropriate  to 
their  response. 

The  response  factor  (RF)  should  be 
determined  over  all  concentration 
ranges  of  standard  (C,)  which  are  being 
determined.  (Generally,  the  amount  of 
internal  standard  added  to  each  extract 
is  the  same  (20  fig)  so  that  C remains 
constant.)  This  should  be  done  by 
preparing  a  calibration  curve  where  the 
response  factor  (RF)  is  plotted  against 
the  standard  concentration  (C(),  using  a 
minimum  of  three  concentrations  over 
the  range  of  interest.  Once  this 
calibration  curve  has  been  determined, 
it  should  be  verified  daily  by  injecting  at 
least  one  standard  solution  containing 
internal  standard.  If  significant  drift  has 
occurred,  a  new  calibration  curve  must 
be  constructed.  To  quantify,  add  the 
internal  standard  to  the  concentrated 
sample  extract  no  more  than  a  few 
minutes  before  injecting  into  the  GC/MS 
to  minimize  the  possibility  of  losses  due 
to  evaporation,  adsorption,  or  chemical 
reaction.  Calculate  the  concentration  by 
using  the  previous  equations  with  the 
appropriate  response  factor  taken  from 
the  calibration  curve.  Either  deuterated 
or  fluorinated  compounds  can  be  used 
as  internal  standards  and  surrogate 
standards.  Naphthalene-d»,  anthracene- 
dio,  pyridine-ds,  aniline-d5,  nitrobenzene- 
d5, 1-fluoronaphthalene,  2- 
fluoronaphthalene,  2-fluorobiphenyl, 
2,2'-difluorobiphenyl,  and  1, 2, 3,4,5- 
pentafluorobiphenyl  have  been  used  or 
suggested  as  appropriate  internal 
standards/surrogates  for  the  base- 
neutral  compounds.  Phenol-d«, 
pentafluorophenol,  2-perfluoromethyl 
phenol,  and  2-fluorophenol  have  been 
used  or  suggested  for  the  acid 
compounds.  Compounds  used  as 
internal  standards  are  not  to  be  used  as 
surrogate  standards.  The  internal 
standard  must  be  different  from  the 
surrogate  standards. 

6.5  The  external  standard  method 
can  also  be  used  at  the  discretion  of  the 
analyst.  Prepare  a  master  calibration 
curve  using  a  minimum  of  three 
standard  solutions  of  each  of  the 
compounds  that  are  to  be  measured.  Plot 
concentrations  versus  integrated  areas 
or  peak  heights  (selected  characteristic 
ion  for  GC/MS).  One  point  on  each 
curve  should  approach  the  limit  of 
detection  (Tables  4,  5,  and  6).  After  the 
master  set  of  instrument  calibration 
curves  have  been  established,  they 
should  be  verified  daily  by  injecting  at 
least  one  standard  solution.  If  significant 
drift  has  occurred,  a  new  calibration 
curve  must  be  constructed. 


7.  Quality  Control. 

7.1  Before  processing  any  samples, 
demonstrate  through  the  analysis  of  a 
method  blank,  that  all  glassware  and 
reagents  are  interference-free.  Each  time 
a  set  of  samples  is  extracted  or  there  is 
a  change  in  reagents,  a  method  blank 
should  be  processed  as  a  safeguard 
against  chronic  laboratory 
contamination. 

7.2  Standard  quality  assurance 
practices  should  be  used  with  this 
method.  Field  replicates  should  be 
collected  and  analyzed  to  determine  the 
precision  of  the  sampling  technique. 
Laboratory  replicates  should  be 
analyzed  to  determine  the  precision  of 
the  analysis.  Fortified  samples  should  be 
analyzed  to  determine  the  accuracy  of 
the  analysis.  Field  blanks  should  be 
analyzed  to  check  for  contamination 
introduced  during  sampling  and 
transportation. 

8.  Sample  Collection,  Preservation, 
and  Handling. 

8.1  Grab  samples  must  be  collected  in 
glass  containers.  Conventional  sampling 
practices  should  be  followed,  except 
that  the  bottle  must  not  be  prerinsed 
with  sample  before  collection. 

Composite  samples  should  be  collected 
in  refrigerated  glass  containers  in 
accordance  with  the  requirements  of  the 
program.  Automatic  sampling  equipment 
must  be  free  of  tygon  and  other  potential 
sources  of  contamination. 

8.2  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  Chemical  preservatives 
should  not  be  used  in  the  field  unless 
more  than  24  hours  will  elapse  before 
delivery  to  the  laboratory.  If  the  samples 
will  not  be  extracted  within  48  hours  of 
collection,  they  must  be  preserved  as 
follows: 

8.2.1  If  the  sample  contains  residual 
chlorine,  add  35  mg  of  sodium 
thiosulfate  per  1  ppm  of  free  chlorine  per 
liter  of  sample. 

8.2.2  Adjust  the  pH  of  the  water 
sample  to  a  pH  of  7  to  10  using  sodium 
hydroxide  or  sulfuric  acid.  Record  the 
volume  of  acid  or  base  used. 

8.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  30  days  of  collection. 

9.  Sample  Extraction  (Base/Neutrals, 
Acids,  and  Pesticides). 

9.1  Samples  may  be  extracted  by 
separatory  funnel  techniques  or  with  a 
continuous  extractor  as  described  in 
Section  10.  Where  emulsions  prevent 
acceptable  solvent  recovery  with  the 
separatory  funnel  technique,  the  analyst 
must  use  the  continuous  extractor. 

9.2  The  details  of  the  extraction 
technique  should  be  adjusted  according 
to  the  sample  volume.  The  technique 
described  below  assumes  a  sample 
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volume  of  1000  ml.  For  volumes 
approximating  2-liters,  the  volume  of 
extraction  solvent  should  be  adjusted  to 
250, 100,  and  100  ml  for  the  serial 
extraction  of  the  base  neutrals,  and  200, 
100,  and  100  ml  for  the  acids. 

9.3  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later 
determination  of  sample  volume.  Pour 
the  entire  sample  into  a  two-liter 
separatory  funnel.  Adjust  the  pH  of  the 
sample  with  6N  NaOH  to  11  or  greater. 
Use  multirange  pH  paper  for  the 
measurements.  Proceed  to  Section  10  if 
continuous  extraction  is  used. 

9.4  Add  60  ml  methylene  chloride  to 
the  sample  bottle,  cap,  and  shake  30 
seconds  to  rinse  the  walls.  Transfer  the 
solvent  into  the  separatory  funnel,  and 
extract  the  sample  by  shaking  the  funnel 
for  two  minutes  with  periodic  venting  to 
release  excess  vapor  pressure.  Allow 
the  organic  layer  to  separate  from  the 
water  phase  for  a  minimum  of  ten 
minutes.  If  the  emulsion  interface 
between  layers  is  more  than  one-third 
the  size  of  the  solvent  layer,  the  analyst 
must  employ  mechanical  techniques  to 
complete  the  phase  separation.  The 
optimum  technique  depends  upon  the 
sample,  but  may  include  stirring, 
filtration  of  the  emulsion  through  glass 
wool,  or  centrifugation.  (If  the  emulsion 
cannot  be  broken,  that  is,  recovery  is 
less  than  80%  of  the  added  solvent 
corrected  for  the  water  solubility  of 
methylene  chloride,  transfer  the  sample, 
solvent,  and  emulsion  into  a  continuous 
extractor  and  proceed  as  described  in 
Section  10).  Collect  the  methylene 
chloride  extract  in  a  250-ml  Erlenmeyer 
flask. 

9.5  Add  a  second  60-ml  volume  of 
methylene  chloride  to  the  sample  bottle 
and  complete  the  extraction  procedure  a 
second  time,  combining  the  extracts  in 
the  Erlenmeyer  flask. 

9.6  Perform  a  third  extraction  in  the 
same  manner.  Pour  the  combined 
extract  through  a  drying  column 
containing  3-4  inches  of  anhydrous 
sodium  sulfate,  and  collect  it  in  a  500  ml 
K-D  flask  equipped  with  10  ml 
concentrator  tube.  Rinse  the  Erlenmeyer 
with  20  to  40  ml  of  methylene  chloride. 
Pour  this  through  the  drying  column. 
Seal,  label  as  base/neutral  fraction,  and 
proceed  with  the  acid  extraction.  If  the 
extract  must  be  stored  overnight  before 
analysis  by  GC/MS,  it  may  be 
transferred  to  a  2  ml  serum  vial 
equipped  with  a  Teflon-lined  rubber 
septum  and  crimp  cap. 

9.7  Acid  (Phenols)  Extraction — Adjust 
the  pH  of  the  water,  previously 
extracted  for  base-neutrals,  with  6N 
H2SO4  to  2  or  below.  Serially  extract 
with  60,  60  and  60  ml  portions  of 
distilled-in-glass  methylene  chloride. 


Collect  and  combine  the  extracts  in  a 
250-ml  Erlenmeyer  flask  then  dry  by 
passing  through  a  column  of  anhydrous 
sodium  sulfate.  Rinse  the  Erlenmeyer 
with  20  to  40  ml  of  methylene  chloride 
and  pour  through  the  drying  column. 
Seal,  label  acid  fraction  and  prepare  for 
concentration. 

9.8  Concentrate  the  extracts  (Base/ 
Neutrals  and  Acids)  in  a  500  ml  K-D 
flask  equipped  with  a  10  ml  concentrator 
tube. 

9.9  Add  1  to  2  clean  boiling  chips  to 
the  flask  and  attach  a  three-ball  macro- 
Snyder  column.  Prewet  the  Snyder 
column  by  adding  about  1  ml  methylene 
chloride  through  the  top.  Place  the  K-D 
apparatus  on  a  warm  water  bath  (60  to 
65°C)  so  that  the  concentrator  tube  is 
partially  immersed  in  the  water,  and  the 
entire  lower  rounded  surface  of  the  flask 
is  bathed  with  water  vapor.  Adjust  the 
vertical  position  of  the  apparatus  and 
the  water  temperature  as  required  to 
complete  the  concentration  in  15  to  20 
minutes.  At  the  proper  rate  of 
distillation  the  balls  of  the  column 
actively  chatter  but  the  chambers  do  not 
flood.  When  the  liquid  has  reached  an 
apparent  volume  1  ml,  remove  the  K-D 
apparatus  and  allow  the  solvent  to  drain 
for  at  least  10  minutes  while  cooling. 
Remove  the  Snyder  column  and  rinse 
the  flask  and  its  lower  joint  into  the 
concentrator  tube  with  1  to  2  ml  of 
methylene  chloride.  A  5-ml  syringe  is 
recommended  for  this  operation. 

9.10  Add  a  clean  boiling  chip  and 
attach  a  two-ball  micro-Snyder  column 
to  the  concentrator  tube  in  9.8.  Prewet 
the  column  by  adding  about  0.5  ml 
methylene  chloride  through  the  top. 

Place  the  K-D  apparatus  on  a  warm 
water  bath  (60  to  65°C)  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  water.  Adjust  the  vertical  position 
of  the  apparatus  and  the  water 
temperature  as  required  to  complete  the 
concentration  in  5-10  minutes.  At  the 
proper  rate  of  distillation  the  balls  of  the 
column  actively  chatter  but  the 
chambers  do  not  flood.  When  the  liquid 
reaches  an  apparent  volume  of  about  0.5 
ml,  remove  the  K-D  from  the  water  bath 
and  allow  the  solvent  to  drain  and  cool 
for  at  least  10  minutes.  Remove  the 
micro-Snyder  column  and  rinse  its  lower 
joint  into  the  concentrator  tube  with 
approximately  0.2  ml  of  methylene 
chloride.  Adjust  the  final  volume  to  1.0 
ml,  seal,  and  label  as  acid  fraction. 

9.11  Determine  the  original  sample 
volume  by  refilling  the  sample  bottle  to 
the  mark  and  transferring  the  liquid  to  a 
1,000-ml  graduated  cylinder.  Record  the 
sample  volume  to  the  nearest  5  ml. 

10.  Emulsions/Continuous  Extraction. 


10.1  Place  100  to  150  ml  of  methylene 
chloride  in  the  extractor  and  200-500  ml 
methylene  chloride  in  the  distilling  flask. 

10.2  Add  the  aqueous  sample  (pH  11 
or  greater)  to  the  extractor.  Add  blank 
water  as  necessary  to  operate  the 
extractor  and  extract  for  24  hours. 
Remove  the  distilling  flask  and  pour  the 
contents  through  a  drying  column 
containing  7  to  10  cm  of  anhydrous 
sodium  sulfate.  Collect  the  methylene 
chloride  in  a  500  ml  K-D  evaporator 
flask  quipped  with  a  10  ml  concentrator 
tube.  Seal,  label  as  the  base/neutral 
fraction,  and  concentrate  as  per  sections 
9.8  to  9.10. 

10.3  Adjust  the  pH  of  the  sample  in 
the  continuous  extractor  to  2  or  below 
using  6N  sulfuric  acid.  Charge  a  clean 
distilling  flask  with  500  ml  of  methylene 
chloride.  Extract  for  24  hours.  Remove 
the  distilling  flask  and  pour  the  contents 
through  a  drying  column  containing  7  to 
10  cm  of  anhydrous  sodium  sulfate. 
Collect  the  methylene  chloride  layer  on 
a  K-D  evaporator  flask  equipped  with  a 
10  ml  concentrator  tube.  Label  as  the 
acid  fraction.  Concentrate  as  per 
sections  9.8  to  9.10. 

11.  Calibration  of  the  GC-MS  System. 

11.1  At  the  beginning  of  each  day, 
the  mass  calibration  of  the  GC-MS 
system  must  be  checked  and  adjusted  if 
necessary  to  meet  DFTPP  specifications 
(11.3).  Each  day  base-neutrals  are 
measured,  the  column  performance 
specification  (12.1)  with  benzidine  must 
be  met.  Each  day  the  acids  are 
measured,  the  column  performance 
specification  (13.1)  with 
pentachlorophenol  must  be  met.  DFTPP 
can  be  mixed  in  solution  with  either  of 
these  compounds  to  complef?  two 
specifications  with  one  injection,  if 
desired. 

11.2  To  perform  the  mass  calibration 
test  of  the  GC-MS  system,  the  following 
instrumental  parameters  are  required: 

Electron  energy — 70  volts  (nominal). 

Mass  range — 35  to  450  a.m.u. 

Scan  time — 7  seconds  or  less. 

11.3  GC-MS  system  calibration — 
Evaluate  the  system  performance  each 
day  that  it  is  to  be  used  for  the  analysis 
of  samples  or  blanks  by  examining  the 
mass  spectrum  of  DFTPP.  Inject  a 
solution  containing  50  ug  DFTPP  and 
check  to  insure  that  performance  criteria 
listed  in  Table  10  are  met.  If  the  system 
performance  criteria  are  not  met,  the 
analyst  must  retune  the  spectrometer 
and  repeat  the  performance  check.  The 
performance  criteria  must  be  met  before 
any  samples  or  standards  may  be 
analyzed. 

12.  Gas  Chromatography-Mass 
Spectrometry  of  Base/Neutral  Fraction. 
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12.1  At  the  beginning  of  each  day 
that  base/neutral  analyses  are  to  be 
performed,  inject  100  nanograms  of 
benzidine  either  separately  or  as  part  of 
a  standard  mixture  that  may  also 
contain  50  ng  of  DFTPP.  The  tailing 
factor  for  benzidine  should  be  less  than 
3.  Calculation  of  the  tailing  factor  is 
given  in  Reference  2  and  described  in 
Figure  8. 

12.2  Establish  chromatographic 
conditions  equivalent  to  those  in  Tables 
4  and  5.  Included  in  these  tables  are 
estimated  retention  times  and 
sensitivities  that  can  be  achieved  by  this 
method.  Examples  of  the  separatioins 
achieved  by  these  columns  are  shown  in 
Figures  1  and  3  through  7. 

12.3  Program  the  GC/MS  to  operate 
in  the  Extracted  Ion  Current  Profile 
(EICP)  mode,  and  collect  EICP  for  the 
three  ions  listed  in  Tables  7  and  8  for 
each  compound  being  measured. 
Operating  in  this  mode,  calibrate  the 
system  response  for  each  compound  as 
described  in  Section  6,  using  either  the 
internal  or  external  standard  procedure. 

12.4  If  the  internal  standard 
approach  is  being  used,  the  analyst  may 
not  add  the  standard  to  sample  extracts 
until  immediately  before  injection  into 
the  instrument.  Mix  thoroughly. 

12.5  Inject  2  to  5  pi  of  the  sample 
extract.  The  solvent-flush  technique  is 
preferred.  If  external  calibration  is 
employed,  record  the  volume  injected  to 
the  nearest  0.05  pi.  If  the  response  for 
any  ion  exceeds  the  linear  range  of  the 
system,  dilute  the  extract  and  reanalyze. 

12.6  Qualitative  and  quantitative 
measurements  are  made  as  described  in 
Section  14.  When  the  extracts  are  not 
being  used  for  analysis,  store  them  in 
vials  with  unpierced  septa  in  the  dark  at 
14°  C. 

13.  Gas  Chromatography /Mass 
Spectrometry  of  Acid  Fraction. 

13.1  At  the  beginning  of  each  day 
that  acid  fraction  analyses  are  to  be 
performed,  inject  50  nanograms  of 
pentachlorophenol  either  separately  or 
as  part  of  a  standard  mixture  that  may 
also  contain  DFTPP.  The  tailing  factor 
for  pentachlorophenol  should  be  less 
than  5.  Calculation  of  the  tailing  factor  is 
given  in  Reference  2  and  described  in 
Figure  8. 

13.2  Establish  chromatographic 
conditions  equivalent  to  those  in  Table 
6.  Included  in  this  table  are  estimated 
retention  times  and  sensitivities  that  can 
be  achieved  by  this  method.  An  example 
of  the  separation  achieved  by  the 
column  is  shown  in  Figure  2. 

13.3  Program  the  GC/MS  to  operate 
in  the  Extracted  Ion  Current  Profile 
mode,  and  collect  EICP  for  the  three  ions 
listed  in  Table  9  for  each  phenol  being 
measured.  Operating  in  this  mode. 


calibrate  the  system  response  for  each 
compound  as  described  in  Section  6 
using  either  the  internal  or  external 
standard  procedure. 

13.4  If  the  internal  standard 
approach  is  being  used,  the  analyst  may 
not  add  the  standard  to  sample  extracts 
until  immediately  before  injection  into 
the  instrument.  Mix  thoroughly. 

13.5  Inject  2  to  5  pi  of  the  sample 
extract.  The  solvent-flush  technique  is 
preferred.  If  external  standard 
calibration  is  employed,  record  the 
volume  injected  to  the  nearest  0.05  pi.  If 
the  response  for  any  ion  exceeds  the 
linear  range  of  the  system,  dilute  the 
extract  and  reanalyze. 

13.6  Qualitative  and  quantitative 
measurements  are  made  as  described  in 
Section  14.  When  the  extracts  are  not 
being  used  for  analysis,  store  them  in 
vials  with  unpierced  septa  in  the  dark  at 
4°  C. 

14.  Qualitative  and  Quantitative 
Determination. 

14.1  To  qualitatively  identify  a 
compound,  obtain  an  Extracted  Ion 
Current  Profile  (EICP)  for  the  primary 
ion  and  the  two  other  ions  listed  in 
Tables  7,  8,  or  9.  The  criteria  below  must 
be  met  for  a  qualitative  identification. 

14.1.1  The  characteristic  ions  for  the 
compound  must  be  found  to  maximize  in 
the  same  or  within  one  spectrum  of  each 
other. 

14.1.2  The  retention  time  at  the 
experimental  mass  spectrum  must  be 
within  ±60  seconds  of  the  retention 
time  of  the  authentic  compound. 

14.1.3  The  ratios  of  the  three  EICP 
peak  heights  must  agree  within  ±20% 
with  the  ratios  of  the  relative  intensities 
for  these  ions  in  a  reference  mass 
spectrum.  The  reference  mass  spectrum 
can  be  obtained  from  either  a  standard 
analyzed  through  the  GC-M3  system  or 
from  a  reference  library. 

14.1.4  Structural  isomers  that  have 
very  similar  mass  spectra  can  be 
explicitly  identified  only  if  the  resolution 
between  the  isomers  in  a  standard  mix 
is  acceptable.  Acceptable  resolution  is 
achieved  if  the  valley  height  between 
isomers  is  less  than  25%  of  the  sum  of 
the  two  peak  heights.  Otherwise, 
structural  isomers  are  identified  as 
isomeric  pairs. 

14.2  In  samples  that  contain  an 
inordinate  number  of  interferences  the 
chemical  ionization  (Cl)  mass  spectrum 
may  make  identification  easier.  In 
Tables  7  and  8  characteristic  Cl  ions  for 
most  of  the  compounds  are  given.  The 
use  of  chemical  ionization  MS  to  support 
El  is  encouraged  but  not  required. 

14.3  When  a  compound  has  been 
identified,  the  quantification  of  that 
compound  will  be  based  on  the 
integrated  area  from  the  specific  ion  plot 


of  the  first  listed  characteristic  ion  in 
Tables  7,  8  and  9.  If  the  sample  produces 
an  interference  for  the  first  listed  ion, 
use  a  secondary  ion  to  quantify. 
Quantification  will  be  done  by  the 
external  or  internal  standard  method. 

14.4  Internal  Standard — By  adding  a 
constant  known  amount  of  internal 
standard  (C„  in  pg)  to  every  sample 
extract,  the  concentration  of  pollutant 
(C0)  is  pg/1  in  the  sample  is  calculated 
using  equation  2. 


Eq.  2 


(As)  (Cts) 
(AJ  (RF)  (Vo) 


Where:  V„  is  the  volume  of  the  original 

sample  in  liters,  and  the  other  terms  are 
defined  as  in  Section  6.3. 

14.5  External  Standard — The 
concentration  of  the  unknown  can  be 
calculated  from  the  slope  and  intercept 
of  the  calibration  curve.  The  unknown 
concentration  can  be  determined  using 
equation  3. 


Eq  3 


Micrograms/liter  =  ng/ml  = 


(A  )(VJ 
(V,)(V.) 


where: 

A  =  mass  of  compound  from  calibration  curve 

(ng). 

Vj=volume  of  extract  injected  (pi). 

Vt  =  volume  of  total  extract  (pi). 

V,  =  volunie  of  water  extracted  (ml). 

14.6  Report  all  results  to  two 
significant  figures.  Report  results  in 
micrograms  per  liter  (Base/Neutrals  and 
Acids)  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  all  data  obtained 
should  be  reported. 

14.7  In  order  to  minimize 
unnecessary  GC-MS  analysis  of  method 
blanks  and  field  blanks,  the  field  blank 
may  be  screened  on  a  FID-GC  equipped 
with  the  appropriate  SP-2250  or  SP-1240 
DA  columns. 
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Table  1 .—Base-Neutral  Extractables 


Compound 


STORET 

No. 


Acenaphthene _ _ _ ... . 34205 

Acenaphthylene .  34200 

Anthracene .  34220 

Benzo(a)anthracene .  34526 

Benzofbjfluoranthene _ _ ........ _ ................. _  34230 

Benzo(k)fluoranthene _ _ _ ........ _ 34242 

Benzo(a)pyrene _ 34247 

Benzo(g.h,i)perylene ....... _ ..... _ _ _ ...  34521 

Benzidine .  39120 

Bis(2-chloroethyl)ether _ _ 34273 

Bis(2-chloroethoxy)methane . 34278 

Bis(2-ethylhexy!)phthalate _ _ 39100 

Bis(2-chloroisopropyl)ether . . . ... _  34283 

4-Bromophenyl  phenyl  ether _ ..... _  34636 

Butyl  benzyl  phthalate . . 34292 

2-Chloronaphthalene _ 34581 

4-Chlorophenyl  phenyl  ether _ ..........  34641 

Chrysene _ 34320 

Oibenzo(a.h)anthracene _ .... _ _ _  34556 

Di-  n-butylphthalate _ .... _ _ _ _ _  39110 

1 .3- Dichlorobenzene .... _ .... _ ..... _  34566 

1.4- Dichlorobenzene _ _ _ 34571 

1 .2- Dichlorobenzene ....... _ 34536 

3,3  -Dichlorobenzidine _ _ _ ...  34631 

Diethylphthalate .  34336 

Dimethylphthalate _ ....  34341 

2.4- DinitrotOluene _ 34611 

2.6-Dinitrotoluene _ _ _ ... _ 34626 

Dioctylphthalate _ 34596 

1.2- Diphenylhydrazine .  34346 

Fluoranthane .  34376 

Fluorene _ 34381 

Hexachlorobenzene _ 39700 

Hexachlorobuladiene _ 34391 

Hexachloroethane _ _ _ .... _ ....... _ 34396 

Hexachlorocyclopentadiene _ _ _ ...........  34386 

indenol  1 ,2.3-cd)pyrene .  34403 

Isophorone _ ... _ _  34408 

Naphthalene _ _ _ _ _ ................... _ ...  39250 

Nitrobenzene _ _ _ _ _ .... _  34447 

N-Nitrosodimethylamine _ _ _ 34438 

N-Nitrosodi-n-propylamine .  34428 

N-Nitrosodiphenylamine _ ... _  34433 

Phenanthrene _ _ _ .......... _ ...... . .  34461 

Pyrene - -  34469 

2,3.7.8-Tetrachlorodibenzo-p-dioxin .  34675 

1 .2.4- T  richlorobenzene _ ..... _ .... _  34551 


Table  2.— Acid  Extractables 


Compound 


STORET 

No. 


4-Chloro-3-methylphenol _ _ ...... _ ........... _ ...  34452 

2-Chlorophenol _  34566 

2.4-Dichlorophenol _ _  34601 


Table  2 .—Acid  Extractables— Continued 


Compound 

STORET 

No. 

.  34606 

.  34616 

.  34657 

.  34591 

.  34646 

.  39094 

.  34694 

34621 

Table  2.— Pesticide  Extractables 

Compound 

STORET 

No. 

Akfrm . 

.  39330 

a-BHC . 

.  39337 

b-BHC . . . 

. : .  39338 

d-BHC . 

.  39340 

g-BHC . 

.  34259 

Chlordane . 

.  39350 

4,4-DDD . 

.  39310 

4.4'DDE . 

.  39320 

4.4  DDT . . 

.  39300 

Dieldrin . 

.  39380 

Endosulfan  1 . 

.... .  34361 

Endosulfan  II . 

.  34356 

Endosulfan  Sulfate . 

.  34351 

Endnn . . 

.  39390 

.  34366 

Heptachlor . 

.  39410 

.  39420 

.  39400 

PCB-1016 . 

.  34671 

PCB-1221 . 

.  39488 

PCB-1232 . 

.  39492 

PCB-1242 . 

.  39496 

PCB-1248 . 

.  39500 

PCB-1254 . 

PCB-1260 . 

39608 

Table  4— Gas  Chromatography  of  Base/ Neutral 

Extractables 

Reten-  Limit  of  detection 

Compound 

tion 

tut 

time  # 

(min.) 

ng  injected  pg/1 

1 ,3-Dichlorobenzene . 

7.4 

20 

10 

1 ,4-Dichlorobenzene . 

7.8 

20 

10 

Hexachloroethane . 

8.4 

20 

10 

Bis(2-chloroethyl)ether . 

84 

20 

10 

1 ,2-Dtchlorobenzene . 

8.4 

20 

10 

Bis(2-chloroisoprooyl)ether . 

9.3 

20 

10 

N-nitroso-di-n-propyl  amine . 

20 

10 

Nitrobenzene . 

11.1 

20 

10 

Hexachlorobuladiene . 

11  4 

20 

10 

1 ,2,4-T  richlorobenzene  . 

11.6 

20 

10 

Isophorone . 

11  9 

20 

10 

Naphthalene . 

12.1 

20 

10 

Bis(2-chloroethoxy)  methane . 

12.2 

20 

10 

Hexachlorocyclopentadiene . 

13.9 

20 

10 

2-Chloronaphthalene . 

15  9 

20 

'10 

Acenaphthylene . 

17.4 

20 

10 

Acenaphthene . . 

178 

20 

10 

Dimethyl  phthalate . 

18.3 

20 

10 

2,6-Dinitrotoluene . 

18.7 

20 

10 

Fluorene . 

19.5 

20 

10 

4-Chlorophenyl  phenyl  ether . 

195 

20 

10 

2,4-Dinitrotoluene . 

19.8 

20 

10 

1,2-Diphenyl  hydrazine* . .,... 

20.1 

20 

10 

Diethyl  phthalate . 

20  1 

20 

10 

N-nitrosodiphenyl  amine*’ . 

20.5 

20 

10 

Hexachlorobenzene . 

21  0 

20 

10 

4-Bromophenyl  phenyl  ether . 

21.2 

20 

10 

Phenanthrene . 

228 

20 

10 

Anthracene . . 

228 

20 

10 

Di-n-butyl  phthalate . . 

24  7 

20 

10 

Fluoranthene . . . 

265 

20 

10 

Pyrene . 

27.3 

20 

10 

Benzidine . 

28.8 

20 

10 

Butyl  benzyl  phthalate . 

299 

20 

10 

Bis(2-ethylhexyl)  phthalate . . 

306 

20 

10 

Chrysene . 

31  5 

20 

10 

Table  4— Gas  Chromatography  of  Base  /Neutral 
Extractables— Continued 


Reten-  Limit  ol  detection 
Compound  tion  tttt 

time  It - 

(min.)  ng  injected  pg/1 


Benzo(a)anthracene . 

3,3  -Dichlorobenzidine . 

Di-n-octyl  phthalate . 

Benzo(b)fluoranthene . 

Benzofk  (fluoranthene . 

Benzo(a)pyrene . 

Indenol  1 ,2.3-c,d)pyrene . 

Dibenzo(a.h)anthracene . 

Benzo(g.h,i)perylene . 

N-Nitrosodimethylamine . 

Bisfchlor  omethyljether . 

2.3,7, 8-Tetrachlorodibenzo-p- 
dioxin .............. _ _ _ 


31.5 

20 

10 

32.2 

20 

10 

32.5 

20 

10 

349 

20 

10 

34.9 

20 

10 

36.4 

20 

10 

42  7 

50 

25 

43.2 

50 

25 

45.1 

50 

25 

#Six  foot  glass  column  (V,  in.  OD  x  2  mm  ID)  packed  with 
3%  SP-2250  coated  on  100/120  mesh  Supelcoport.  Carrier 
gas:  helium  at  30  ml  per  min.  Temperature  program:  Isother¬ 
mal  lor  4  minutes  at  50’  C.  then  8*  per  min  to  270’  C.  Hold  at 
270’  C  for  30  minutes.  II  desired,  capillary  or  SCOT  columns 
may  be  used. 

##This  is  a  minimum  level  at  which  the  entire  analytical 
system  must  give  mass  spectral  confirmation.  (Nanograms  in¬ 
jected  is  based  on  a  2  pi  injection  of  a  one  liter  sample  that 
has  been  extracted  and  concentrated  to  a  volume  of  1 .0  ml.) 

•Detected  as  azobenzene. 

“Detected  as  diphenylamine. 


Table  5 .—Gas  Chromatography  of  Pesticide 
Extractables 


Compound 

Reten¬ 
tion  time 
(min)*  • 

Limit  of 
detection# 

ng  injected  pg/l 

.  21.1 

40 

10 

g-bhc . 

.  224 

40 

10 

b-bhc . 

.  234 

40 

10 

Heptachlor . 

.  234 

40 

10 

d-bhc . 

.  237 

40 

10 

.  240 

40 

10 

.  256 

40 

10 

.  26.4 

40 

10 

Dieldrin . 

.  27.2 

40 

10 

4.4  -DDE . 

.  27.2 

40 

10 

.  27.9 

40 

10 

Endosulfan  II . 

.  28.6 

40 

10 

4,4-DDD . 

.  28.6 

40 

10 

4,4 -DDT . 

.  29.3 

40 

10 

Endosulfan  sultate . 

. .  298 

40 

10 

. 19  to  30 

. 25  to  34  . 

PCB-1242 . 

. 20  to  32  . 

PCB-1254 . 

. 23  to  32  . 

*6  foot  glass  column  (Vi  in.  OD  x  2  mm  ID)  packed  with 
3%  SP-2250  coated  on  100/120  mesh  Supelcoport.  Carrier 
gas:  helium  at  30  ml  per  min.  Temperature  program:  Isother¬ 
mal  lor  4  minutes  at  50*  C,  then  8"  per  minute  to  270\  Hold 
at  270’  C  for  30  minutes.  If  desired,  capillary  or  SCOT  col¬ 
umns  may  be  used. 

#This  is  a  minimum  level  at  which  the  entire  analytical 
system  must  give  mass  spectral  confirmation.  (Nanograms  in¬ 
jected  is  based  on  a  4  pi  injection  of  a  one-liter  sample  that 
has  been  extracted  and  concentrated  to  a  volume  of  1.0  ml. 

Table  6  .—Gas  Chromatography  of  Acid  Extractables 


Reten-  Limit  of 

Compound  tion  time’  detection# 

(min) - 

ng  injected  pg/l 


2-Chlorophenol . 

5.9 

50 

25 

2-Nitrophenol . 

64 

50 

25 

Phenol . 

8.0 

50 

25 

2,4-Dimethylphenol . 

94 

50 

25 

2.4-Oichlorophenol . 

98 

50 

25 

2,4,6-Trichlorophenol ...... _ ........... 

11.8 

50 

25 

4-Chloro-3-methylphenol ................. 

13.2 

50 

25 

2.4-Dinitrophenol . 

15.9 

500 

250 
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Table  6 .—Gas  Chromatography  of  Acid 
Extractables— Continued 


Reten-  Limit  of 

Compound  tion  time*  detection# 

(min) - 

ng  injected  pg/l 


2-Methy1-4,6-dinitrophenol .  16,2  500  250 

Pentachlorophenol .  17.5  50  25 

4l'*tropner)ot _  20.3  50  25 


*6  foot  glass  column  (V«  in.  OO  x  2  mm  10)  Packed  with 
1%  SP-1240  OA  coated  on  100/120  mesh  Supelcoport  earn¬ 
er  gas:  helium  at  30  mt  per  mm.  Temperature  program:  2  min 
isothermal  at  70°.  then  8'  per  mm  to  200°  C.  If  desired,  capil¬ 
lary  or  SCOT  columns  may  be  used. 

pThis  is  a  minimum  level  at  which  the  entire  analytical 
system  must  give  mass  spectral  confirmation.  (Nanograms  in¬ 
jected  is  based  on  a  2  pi  injection  of  a  one  Hter  sample  that 
has  been  extracted  and  concentrated  to  1.0  ml.) 


Table  7  —  Base/Neutral  Extractables  Characteristic  tons 


Compound 


Characteristic  ions 


Electron  impact 


Chemical  ionization 
(methane) 


1 .3- Dicblorobenzene . . ................................  1 46 

1 .4- Dichlorobenzene ............ _ ......... _ .....  1 46 

Hexachioroethane ............... _ _ _  1 1 7 

8ts(2-chloroethyl)  ether . 93 

1 .2- Dichlorobenzene ............ . . . . . . .  1 46 

Bis(2-chloroisopropyl)  ether _ .........................  45 

N-Nitrosodipropyl  amine . 130 

Isophorone _  62 

Nitrobenzene . .  77 

Hexachlorobutadiene . ...  225 

1 .2.4- T  richlorobenzgne ...................................... _  1 80 

Naphthalene . ......  1 28 

Bis(2-chloroethoxy)  methane . . 93 

Hexachiorocyclopentadiene ..._.. _ ...  237 

2-CMoronaphthalene .  162 

Acenaphthylene _ ...... _ .............................. _  1 52 

Acenaphthene .  154 

Dimethyl  phthalate .  63 

2.6-Oinitrotoluene . 165 

Fkjotene.. . -  166 

4-Chlorophenyt  phenyl  ether...................... _ 204 

2.4- Dir.itrotoluene . . . . 165 

1 .2- Dtphenylhydrazine '. _ .......... _ .........™™.......  77 

Diethylphthalate .  149 

N-Nitrosodiphenylamine ! . . .  1 69 

Hexachlorobenzene .  284 

4-Bromophenyl  phenyl  ether..... _ .......................  248 

Phenanthrene .  178 

Anthracene..™...™™....™..........................™™..™...  178 

Dibutyl  phthalate .  149 

Fluoranthene .  202 

Benzidine .... _ _ _ ..... _ .....................  1 84 

Butyl  benzyl  phthalate .  149 

Bis(2-ethy!  hexyl)  phthalate . 149 

Chrysene .  228 

Bsnzo(a)anthracene . . ...  228 

3.3 - Dichlorobenzidine .  252 

Dioctyt  phthalate............. . 149 

Benzo(b)8uoranthene .  252 

Ser>zoik)f)uoranthene . . . _ . . —  252 

Benzo(a)pyrene .  252 

lndeno(1.2,3-c.d)pyrene...™................™........™.....  276 

Dibenzo(a,h)anthracene .  278 

Benzo(g.h.i)perytene .  276 

N-ni!rosodimethyl  amine . 42 

Bisichloromethyt)  ether .  45 

2.3.7,8-Tetrachlorodibenzo-p-dioxin . 

Oeuterated  anthracene(d-10)s..................™.... .  188 


148 

113 

146 

148 

150 

148 

113 

146 

148 

150 

201 

199 

199 

201 

203 

63 

95 

63 

107 

109 

148 

113 

146 

148 

150 

77 

79 

77 

135 

137 

42 

101  . 

95 

138 

139 

167 

178 

123 

65 

124 

152 

164 

223 

227 

223 

225 

227 

182 

145 

181 

183 

209 

129 

127 

129 

157 

169 

95 

123 

65 

107 

137 

235 

272 

235 

237 

239 

164 

127 

163 

191 

203 

151 

153 

152 

153 

181 

153 

152 

154 

155 

183 

194 

164 

151 

163 

164 

63 

121 

83 

211 

223 

165 

167 

166 

167 

195 

206 

141  . 

89 

163 

183 

211 

223 

93 

105 

185 

213 

225 

177 

150 

177 

223 

251 

168 

167 

169 

170 

198 

142 

249 

284 

286 

288 

250 

141 

249 

251 

277 

179 

176 

178 

179 

207 

179 

178 

178 

179 

207 

150 

104 

149 

205 

279 

101 

100 

203 

231 

243 

101 

100 

203 

231 

243 

92 

185 

185 

213 

225 

91 

... 

149 

299 

327 

167 

279 

149  . 

. 

226 

229 

228 

229 

257 

229 

226 

228 

229 

257 

254 

126 . 

253 

125 

252 

253 

281 

253 

125 

252 

253 

281 

253 

125 

252 

253 

281 

t38 

277 

276 

277 

305 

139 

279 

278 

279 

307 

138 

277 

276 

277 

305 

74 

44 . 

49 

51  _ 

322 

320 

59  . 

. . 

............ 

94 

80 

189 

217 . 

1  Detected  as  azobenzene 
'Detected  as  diphenylamine 
*  Suggested  internal  standard. 
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Table  8 .—Pesticides  Characteristic  tons 


Compound  Characteristic  ions  electron  impact 


a-BHC . 

.  183 

181 

109 

g-BHC  . 

.  183 

181 

109 

b-BHC . 

183 

109 

heptachlor - - - - - - — 

_ _ _ _ _ _ _ _ _  too 

272 

274 

d-BHC . 

_ ._ _ _ _ _ _ _ _  183 

109 

181 

aldnn . 

.  66 

263 

220 

heptachlor  epoxide . . . . . 

.  353 

355 

351 

endosultan  1 _ _ _ 

- - -  201 

283 

278 

dioldnn . 

- - ....  79 

263 

279 

4.4  -DOE . 

— - - - - - - .  246 

248 

176 

4,4-DDD . . . . . . . 

. . .  235 

165 

237 

endnn  . . . . 

- - - - - - -  81 

263 

82 

endosultan  H . . . . . 

- - -  201 

283 

278 

4.4  -DDT . 

.  235 

237 

165 

387 

42  2 

.  373 

375 

377 

_  -- . ----- _ , 

233 

235 

PCB-124 2*. . 

.  224 

260 

294 

PCB- 1 254  *. . 

294 

330 

362 

■Characteristic  ot  alpha  and  gamma  forms  of  chlordane 
■These  compounds  are  mixtures  of  various  isomers. 


Table  9.— Acid  Extractable  Characteristic  Ions 


Compound 

Characteristic  ions 

Electron  impact 

Chemical  ionization 
(methane) 

2-Chlorophenol _ _ _ 

128 

64 

130 

129 

131 

157 

2-Nrtrophenol . 

139 

65 

109 

140 

168 

122 

Phenol . 

94 

65 

66 

95 

123 

135 

2,4-Dimethylphenol . 

122 

107 

121 

123 

151 

163 

2.4-Dicholorphenol _ _ _ ......... _ _ _ 

162 

164 

98 

163 

165 

167 

2,4.6-Trichlorophenol . 

196 

198 

200 

197 

199 

201 

4-Chloro-3-methyl  phenol _ _ _ 

142 

107 

144 

143 

171 

183 

2.4-Dinrtrophenol _ 

184 

63 

154 

185 

213 

225 

2-Methyl-4,6-dinitrophenol . 

198 

182 

77 

199 

227 

239 

Penlachlorophenol . 

266 

264 

268 

267 

265 

269 

4-Nitrophenol . 

65 

139 

109 

140 

168 

122 

Anthracene  (d-10)  1 . 

188 

94 

80 

189 

217 . 

'  Suggested  internal  standard. 


Table  W.—DFTPP  Key  Ions  and  ton  Abundance  Criteria 


Ion  abundance  criteria 


Mass. 

51 .... _ ............. _ .............. _ _ _ ...... _ _ _ _ _  30  to  60  percent  of  mass  198. 

68 - - - - - ..... _ _ _  Less  than  2  percent  of  mass  69 

70 - — - - - - - - - - - -  Less  than  2  percent  of  mass  69. 

127 _ _ _ _ _ _ _ _ _ _  40  to  60  percent  of  mass  198 

197 _ _ _ _ _ _ _ _ _  Less  than  1  percent  of  mass  198 

196 - - - ..... _ .._ . .  Base  peak.  100  percent  relative  abundance 

199 - - - - - - -  S  to  9  percent  of  mass  198. 

275 - - - - - - ; . .  10  to  30  percent  of  mass  198 

365 _ _ _ _ _ _ _ _ _ _ . . „ . .  Greater  than  1  percent  of  mass  198 

441  - - - - - - - -  Present  but  less  than  mass  443. 

442  - - - - - - - - - -  Greater  than  40  percent  of  mass  198. 

443  . . . . . . . . . . .  17  to  23  percent  of  mass  442. 
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Figure  3.  Gas  chromatogram  of  pesticide  fraction 


69550 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3, 1979  /  Proposed  Rules 


COLUMN:  3%  SP-2250  ON  SUPELCOPORT 


Figure  4.  Gas  chromatogram  of  chlordane 


COLUMN:  3%  SP-2250  ON  SUPELCOPORT  COLUMN:  3%  SP-2250  ON  SUPELCOPORT 

PROGRAM:  50°C.  4  MIN.  8°PER  MIN  TO  270*C  PROGRAM:  50°C.  4  MIN.  8°PER  MIN  TO  270°C 

DETECTOR:  MASS  SPECTROMETER  l  DETECTOR:  MASS  SPECTROMETER 


Figure  6.  Gas  chromatogram  of  Arochlor  1 248 


COLUMN-:  3%  SP-2250  ON  SUPaCOPERT 
PROGRAM:  50°C,  4  MIN.  8°  PER  MIN  TO  270°C 
DETECTOR:  MASS  SPECTROMETER  I 
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RETENTION  TIME-MINUTES  Figure  1.  Tailing  factor  calculation 

Figure  7.  Gas  chromatogram  of  Arochlor  1254 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


69553 


Appendix  III — Example  Quality 
Assurance  and  Quality  Control 
Procedures  for  Organic  Priority 
Pollutants 

Example  Quality  Assurance  and 
Quality  Control  Procedures  for  Analysis 
for  Organic  Priority  Pollutants 

110  Scope. 

111  These  procedures  are  provided 
for  use  by  laboratories  performing 
analyses  using  EPA  Methods  624  and 
625.  To  provide  data  with  a  known 
degree  of  reliability,  a  strong  quality 
assurance  and  quality  control  program 
is  presented.  The  procedures  are 
designed  to  produce  data  with  known 
precision  and  accuracy  so  that  a 
determination  of  confidence  can  be 
placed  in  the  data.  Quality  Assurance 
(QA)  is  the  total  program  for  assuring 
the  reliability  of  the  monitoring  data. 
Quality  control  (QC)  is  the  routine 
application  of  procedures  for  controlling 
the  measurement  process. 

112  Initially,  the  methodology  must 
be  validated  for  each  industrial 
subcategory  being  measured  by  the 
laboratory.  The  requirement  for 
validation  of  each  subcategory  is  based 
on  the  assumed  unique  nature  of  the 
wastewater  associated  with  most  of  the 
subcategories.  Since  the  effluent  from 
treatment  is  to  be  used  for  setting 
control  limits,  it  will  be  used  to  develop 
initial  validation  data  for  the  method 
prior  to  routine  sampling  and  analyses. 

A  particular  subcategory  may  not 
require  verification  analyses  of  all  three 
fractions  (Volatiles,  Base/Neutrals,  and 
Acids),  or  for  all  of  the  individual 
compounds,  in  which  case,  the  method 
requires  validation  only  for  the  fraction 
or  the  selected  compounds  of  interest. 

113  The  results  of  the  validation 
analyses  will  be  used  to  provide 
information  with  which  to  judge  a 
laboratory's  ability  to  interpret  and 
implement  the  method  for  each  future 
sample  in  the  industrial  subcategory. 
Initial  QC  limits  for  precision  and 
accuracy  will  be  established  using  these 
results,  and  then  used  in  subsequent 
analyses  as  control  limits.  A  numerical 
example  is  given  in  Appendiix  A. 

114  After  the  method  is  validated  for 
each  subcategory  and  routine  analysis 
begins,  continuing  QA/QC  will  be 
required  to  ensure  that  the  subsequent 
analyses  are  within  the  established 
control  limits. 

115  Prior  to  developing  initial 


method  validation  and  a  continuing 
quality  control  program,  the  analyst 
(individual  or  group  if  team  approach  is 
used)  must  demonstrate  the  ability  to 
perform  the  required  analyses.  If  a 
laboratory  has  not  established  precision 
and  accuracy  criteria  for  clean  water, 
the  laboratory  must  perform  replicate 
analyses  of  clean  water  as  prescribed  in 
section  121. 

120  Routine  Quality  Assurance  and 
Quality  Control. 

121  Preliminary  Clean  Water 
Precision  and  Accuracy. 

121.1  Before  any  work  is  begun  on 
actual  field  samples,  a  laboratory  must 
demonstrate  its  ability  to  properly 
perform  the  liquid-liquid  extractions,  the 
gas  purge  extractions,  and  the  required 
chromatography.  Clean  water  spikes  are 
analyzed  to  demonstrate  the 
laboratory’s  ability  to  implement 
Methods  624  and  625,  and  to  establish 
the  baseline  precision  and  accuracy 
criteria  for  the  method  in  that 
laboratory. 

121.2  Procedure: 

121.2.1  Prepare  “organic-free”  water 
for  use  in  determining  preliminary 
precision  and  accuracy  according  to  the 
procedures  given  in  Methods  624  and 
625. 

121.2.2  Spike  four  replicates  of  clean 
water  with  each  compound  of  interest  at 
a  concentration  approximately  equal  to 
10  times  the  limit  of  detection.  In 
addition,  spike  all  purgeable  aliquots 
with  a  minimum  of  three  surrogate 
standards  at  a  level  of  100  pg/1.  For 
extractable  organics,  each  replicate 
must  be  one  liter,  each  purgeable  sample 
requires  at  least  100  ml.  Do  not  dose 
purgeables  with  more  than  20  p.1  of  an 
alcoholic  standard  per  each  100  ml  of 
water.  Analyze  spiked  solutions 
according  to  method  624  or  625. 

121.3  Precision — For  each  parameter, 
use  the  resulting  observed  values  of  the 
spikes  (O,,  O*.  03,  and  04)  to  calculate 
the  standard  deviation  (S)  of  the 
replicates  according  to  Equation  1. 


n  ,  n  , 
n£  02  -  (E  O^2 
i»1  1  ft  1 

n(n-1] 


Where: 

n=number  of  replicates 

121.4  Accuracy — For  each 
parameter,  use  the  resulting  observed 


values  of  the  spikes  (Oi,  Oa,  Os,  and  0«) 
to  calculate  the  mean  percent  recovery 

n 

Eq.  2  P  »  100  (  0i) 

1*1 

- nT - 

(P)  of  the  method  according  to  equation 

2. 

Where: 

n= number  of  replicates 
T = true  value  of  the  spike 

121.5  The  precision  and  accuracy 
data  shall  be  documented  for  the  record 
as  evidence  that  the  laboratory  can 
properly  perform  the  extractions  and 
chromatography  essential  for  methods 
624  and  625. 

122  Method  Blank — The  method 
blank  is  defined  as  an  appropriate 
volume  of  "organic-free"  water  which 
has  been  processed  exactly  as  the 
sample  (including  glassware,  reagents, 
solvents,  etc.).  Reagents  or  solvents 
having  background  levels  that  interfere 
with  the  compounds  to  be  determined 
must  be  purified  and  shown  to  be 
acceptable  or  replaced  with  some  that 
are  acceptable  prior  to  proceeding  with 
analyses.  Problems  encountered  and 
corrective  actions  taken  shall  be 
documented  and  reported  for  the  record. 

122.1  For  the  extractable  fractions 
(Base/Neutral  or  Acid),  the  method 
blank  requires  extraction  of  1-liter 
“organic-free”  water.  A  method  blank 
must  be  extracted  for  each  set  of  field 
samples  extracted  at  a  given  time  (at 
least  one  method  blank  per  20  field 
samples  analyzed)  and  whenever  a  new 
source  of  reagent  or  solvent  is 
introduced  into  the  analytical  scheme. 
The  method  blank  can  be  screened  by 
GC-F1D.  Analysis  by  GC-MS  is  required 
only  if  GC-FID  analysis  of  the  field 
blank  gives  any  peaks  larger  than  the 
internal  standard  peak. 

122.2  For  the  volatile  fraction,  5  ml  of 
“organic-free”  water  should  be  analyzed 
by  the  purge  and  trap  methodology  only 
if  positive  interferences  are  noted  during 
the  analysis  of  a  field  blank.  If  positive 
interference  still  occurs,  repeat  the 
method  blank  analysis.  If  interference 
persists,  dismantle  the  system, 
thoroughly  clean  all  parts  that  contact 
the  sample,  purge  gas  and  carrier  gas. 
Replace  or  repack  the  sorbent  trap  and 
change  purge  and  carrier  gas. 

123.  Field  Blank — The  field  blank  is 
defined  as  an  appropriate  volume  of 
"organic-free”  water  which  has  been 
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sent  to  the  sampling  site  and  back  to  the 
analytical  laboratory  in  a  container  and 
bottle  identical  to  the  type  used  to 
collect  the  samples.  Field  blanks  and 
samples  must  be  shipped  in  separate 
containers.  When  received  in  the  lab, 
the  field  blank  is  dosed,  extracted  and 
concentrated  as  if  it  were  an  actual 
sample. 

123.1  For  the  extractable  fractions 
(Base/Neutral  or  Acid),  the  field  blank 
may  be  screened  by  GC-FID.  Full  GC- 
MS  analysis  is  to  be  performed  if  the 
screening  analysis  gives  any  peaks 
larger  than  the  internal  standard  peak. 

123.2  For  the  volatile  fraction, 
analyze  a  5-ml  field  blank  after  each 
sample  analysis.  Follow  the  guidelines 
in  121.2  if  positive  interferences  are 
noted  during  the  analysis  of  a  field 
blank. 

130  Method  Validation. 

131  Extractable  Organics  (Base/ 
Neutrals-Acids) — The  following 
procedures  are  to  be  applied,  separately, 
to  samples  being  analyzed  for  the  Base/ 
Neutral-Acid  group  of  compounds.  The 
analyses  shall  be  performed  according 
to  the  procedures  given  in  Method  625. 
The  validation  studies  must  be 
performed  under  the  same  conditions 
ordinarily  applied  to  the  samples  of  a 
given  subcategory.  That  is,  if  separatory 
funnels  are  routinely  used  for  extraction 
of  the  samples,  the  study  must  be 
conducted  using  separatory  funnels.  If 
continuous  extractors  are  used  for 
routine  analysis  of  the  subcategory,  the 
validation  study  must  be  performed 
using  the  same  type  of  continuous 
extractors. 

131.1  Sample  pretreatment — The 
laboratory  should  collect  a  sample  of 
adequate  volume  to  carry  out  the 
validation  study  and  one  field  blank 
taken  as  described  in  the  sampling 
protocol  on  the  same  day  from  the  same 
source.  Mix  the  sample  and  withdraw  a 
1-liter  aliquot  for  analysis.  Vigorously 
mix  the  sample  with  some  type  of 
stirring  device.  Withdraw  aliquots, 
while  stirring,  into  a  1-liter  graduated 
cylinder,  using  a  siphon  made  of  glass  or 
Teflon.  Measure  and  record  the  volume. 
Transfer  the  aliquot  to  a  2-liter 
separatory  funnel  or  continuous 
extractor  for  spiking.  Initially  analyze  a 
1-liter  aliquot  of  the  sample  to  determine 
the  sample  background  so  that  proper 
spiking  levels  can  be  selected  for  131.2.1. 
The  remainder  of  the  sample  should  be 
stored  at  4*  C  until  the  validation  study 
is  begun.  At  the  same  time,  analyze  a  1- 
liter  aliquot  of  the  field  blank.  Choose 
three  levels  of  compound  spikes  to  cover 
the  expected  concentration  range  of  the 
samples  in  the  subcategory. 

131.2  Preparation  of  Aliquots  for 
Validation  Study — Withdraw  twelve  1- 


liter  aliquots  from  the  stirred  composite 
sample  as  described  in  131.1.  Separate 
into  three  groups  of  four. 

131.2.1  Spiking  of  Aliquots — Spike 
two  aliquots  of  each  group  with 
surrogate  standards  only.  The  other  two 
aliquots  are  spiked  with  surrogate 
standards  plus  the  standard  pollutant 
compounds  of  interest  at  one  of  the 
concentration  levels  (See  Figure  2). 
Repeat  this  process  for  each  group  of 
aliquots.  Select  the  three  spiking 
concentrations  for  the  compounds  of 
interest  based  on  the  results  of  the 
background  analysis  obtained  in  131.1.  If 
the  initial  background  level  for  a 
particular  pollutant  is  x,  select  the  three 
spiking  levels  to  give  final 
concentrations  2X,  10 X,  and  100 X.  If  x 
equals  15  p.g/1,  dose  with  15, 135,  and 
1485  fig  per  liter.  This  gives  final 
concentrations  of  the  pollutant  of  30, 

150,  and  1500  p.g/1.  Spike  each  1-liter 
replicate  with  each  surrogate  at  a  level 
of  100  jig/1. 

Note. — Consideration  should  be  given  to 
the  water  solubility  of  the  compounds  being 
spiked  when  selecting  the  spiking 
concentration  levels. 

'131.2.2  Prepare  spiking  standards  in 
concentrations  such  that  no  more  than  5 
ml  of  spiking  solution  is  added  for  each 
liter  of  sample.  This  will  ensure  that  the 
solubility  of  the  standard  in  water  will 
not  be  significantly  affected  by  the 
added  organic  solvent.  Add  the  spiking 
solution  to  the  sample  aliquots  in  the 
separatory  funnel  using  a  transfer  pipet. 
After  adding  the  spikes,  thoroughly  mix 
the  samples  and  after  one  hour  at  room 
temperature  proceed  with  the 
extraction.  If  continuous  extractors  are 
used,  it  may  be  necessary  to  spike  the  1- 
liter  aliquots  before  they  are  placed  into 
the  extractor.  Place  the  aliquot  in  a 
separatory  funnel  or  a  clean  bottle, 
spike,  and  transfer  to  the  extractor.  The 
bottle  must  be  rinsed  with  solvent.  Wait 
an  hour  and  begin  the  extraction. 

131.3  Use  of  the  Data  from  Spiked 
Samples  in  Analyses — The  data 
obtained  from  the  determination  of 
pollutants  of  interest  are  used  to 
calculate  the  precision  and  accuracy  of 
the  method  and  to  establish  control 
limits  for  the  individual  compounds  of 
interest.  Surrogate  spikes  are  added  to 
every  sample  to  provide  quality  control 
on  every  sample  by  monitoring  for 
matrix  effects  and  gross  sample 
processing  errors.  The  surrogate  is  not 
used  as  an  internal  standard  for 
quantification  purposes.  Suggested 
surrogate  standards  are  given  in  Section 
6.4  of  Method  625.  If  validation  is 
needed  for  only  one  fraction,  only  the 
surrogates  for  that  fraction  need  be 
added. 


131.4  Extract  and  analyse  all 
aliquots  as  directed  in  Method  625  or 
other  appropriate  EPA  methods. 

131.5  Calculation  of  Precision  and 
Accuracy — The  precision  of  the  method 
may  be  calculated  from  the  data 
obtained  during  the  validation  study. 
There  are  three  spiked  concentration 
levels  of  pollutants  as  outlined  in  Figure 
2.  The  method  precision  for  the 
background  level  of  pollutants  occurring 
in  the  sample  may  be  calculated  from 
the  three  pairs  of  replicate  aliquots 
which  are  spiked  only  with  surrogate 
standards  (Al,  A2;  Bl,  B2;  Cl,  and  C2. 
See  Figure  2).  The  precision  and 
accuracy  for  the  surrogates  may  be 
calculated  from  all  twelve  replicates 
since  the  spiking  level  is  constant  for 
both  sets  of  six  samples.  The  precision 
and  accuracy  for  the  surrogates  may  be 
calculated  for  each  set  of  six  samples  if 
there  is  an  effect  due  to  the  added 
pollutant  spike.  Similarly,  the  precision 
and  accuracy  at  each  spike  level  of  the 
pollutants  of  interest  may  be  determined 
from  the  two  replicate  aliquots  that 
received  that  spike  (D1,'D2;  El,  E2;  Fl, 
and  F2.  See  Figure  2). 

a.  Precision. 

Calculate  the  range  (R)  for  each  pair 
of  replicate  aliquots  i.e.,  duplicate 
analyses,  according  to  equation  3: 

Eq.  3  R=[Xi  -  X,) 

Where: 

Xi  and  X?  are  each  an  analytical  result  from 
two  replicate  aliquots. 

The  concentration  level  related  to  R 
can  be  represented  as  in  equation  4. 


Eq.  4 


(X,  +  X,) 
2 


Where: 

X  is  the  mean  of  the  duplicate  analyses,  Xi 
and  X3. 

For  any  group  of  n  duplicate  analyses 
that  are  considered  similar  to  each 
other,  their  ranges  (R,)  and  means  (XJ. 
where  i  =  1  to  n,  can  be  used  to 
estimate  the  critical  difference  (Rc) 
between  similar  future  duplicate 
analyses  or  any  specific  concentration 
level  (C).  Calculate  Rc  as  shown  in 
equation  5. 


Eq.  5 


3.27(C) 

n 


X, 
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From  these  data  develop  a  table  of  Rc 
values  for  various  concentration  (C) 
values  that  span  the  concentration  range 
of  interest.  Use  these  initial  critical 
difference  values  to  judge  the 
acceptability  of  succeeding  duplicate 
results  generated  under  the  same 
conditions.  Revise  and  update  as 
additional  duplicate  data  becomes 
available.  When  more  than  15  pairs  of 
duplicates  are  available  within  any 
specific  concentration  level  C,  Rc  should 
be  calculated  directly  from  the  average 
range  of  these  duplicates  alone. 

Equation  5  reduces  to 


Rc 


3.27(C) 

n 


b.  Accuracy  for  Pollutants.  Calculate 
the  background  concentration  of  priority 
pollutants  occurring  in  each  of  the  field 
composite  samples.  The  calculation  is 
similar  to  equation  4,  but  there  are  six 
pieces  of  data  (Al,  A2,  Bl,  B2,  Cl,  C2) 
available  for  this  calculation  as  shown 
in  Figure  2.  Therefore,  the  calculation  is 
as  shown  in  equation  6. 


Eq.  6 


Where: 

X  is  the  mean  X|(  i-1  to  6  are  the  analytical 
results  for  the  six  1-liter  aliquots  of  a 
single  composite  sample  spiked  with 
surrogates  only. 

Calculate  the  recovery  of  each 
pollutant  in  each  of  the  1-liter  aliquots 
spiked  with  the  pollutants  of  interest 
(Dl,  D2,  El,  E2,  Fl  and  F2)  according  to 
equation  7: 


Eq.  7  P  =  100  g-*> 


Where: 

P  is  the  percent  recovery  of  the  spike 
Z  is  the  analytically  determined 

concentration  of  the  pollutant  in  the 
spiked  aliquot 

X  is  the  mean  background  concentration  of 
the  pollutant  and 
T  is  the  true  value  of  the  spike. 

Determine  the  percent  recoveries  for 
each  pollutant  of  interest  at  all  of  its 
concentration  levels.  If  there  is  no 
significant  difference  between  the 
percent  recoveries  for  the  various 
concentration  levels,  all  n  of  the  percent 
recovery  values  may  be  treated  together 
as  in  equations  8  and  9.  If  some  of  the 
percent  recovery  values  are  significantly 
different,  each  group  of  similar  percent 
recoveries  must  be  treated 
independently  to  develop  its  own 
characteristic  mean  percent  recovery  (P) 
and  its  associated  standard  deviation 
(SP) 


Bj.  8  7  •  £  Pi 
_ j»T 

tf 


Where: 

P  is  the  mean  percent  recovery 
Pi  is  an  individual  percent  recovery  value 
n  is  the  number  of  observations  at  this 
concentration  level 


c.  Accuracy  for  Surrogates.  Proceed 
exactly  as  with  the  pollutants  of  interest 
in  131.5b  above,  keeping  the  following 
two  differences  in  mind:  there  is  no 
background  concentration  and  there  are 
six  sets  of  duplicate  analyses  for  the 
surrogate  spikes;  three  sets  spiked  with 
pollutants  of  interest  (Dl,  D2;  El,  E2;  Fl, 
F2)  and  three  sets  without  (Al,  A2;  Bl, 
B2;  Cl,  C2),  see  Figure  2.  Calculate  the 
percent  recovery  as  shown  in  equation 
10. 


Eq.  10 


P  = 


100  Z 
T 


Where: 

P  is  the  percent  recovery  of  the  surrogate 
spike. 

Z  is  the  measured  value  of  the  surrogate 
spikes  in  the  aliquot. 

T  is  the  calculated  or  true  value  of  the 
surrogate  spikes  added  to  the  sample. 

Calculate  the  mean  percent  recovery 
(P)  and  the  standard  deviation  (Sp)  of 
the  percent  recovery  of  the  surrogate 
spikes  in  all  of  the  sample  aliquots 
according  to  equations  8  and  9. 

132  Volatile  Organics  ( Purgeables ) 

132.1  The  validation  of  the  method 
for  purgeables  requires  a  minimum  of 
600  ml  sample.  The  validation  may  be 
performed  on  a  grab  sample  or  a 
composite  sample  prepared  from 
discrete  grab  samples. 

Thirteen  5-ml  aliquots  of  each  sample 
are  required.  They  should  be  treated  and 
spiked  according  to  Sections  132.2  d 
through  f  and  132.4.3.  The  remaining 
volume  of  sample  is  transferred  to  a 
clean  container,  i.e.,  vial  or  vials  and 
sealed  with  no  headspace  as  done  when 
collecting  a  sample.  This  sample  should 
be  held  at  4°C  until  it  is  determined  that 
there  is  no  further  need  for  the  sample. 
Figure  3  summarizes  the  validation 
study  for  volatile  organics.  Caution: 
Prepare  only  as  many  sample  aliquots 
as  can  be  analyzed  in  the  working  day. 
This  may  mean  that  each  of  the  three 
concentration  levels  will  be  analyzed  on 
different  days. 

132.2  Pretreatment  of  Grab  Samples 
to  be  composited — Individual  grab 
samples  should  be  composited 
according  to  the  following  procedure: 

a.  Composite  only  grab  samples  of 
equal  volume. 

b.  Carefully  pour  the  contents  of  all 
individual  grab  samples  collected  from  a 
given  source  during  the  specified  time 
period  into  a  1000-ml  round-bottom  flask 
which  is  chilled  in  a  wet  ice  bath. 

c.  Stir  the  mixture  gently  with  a  glass 
rod  for  approximately  pne  minute  while 
in  the  ice  bath. 

d.  Carefully  fill  13  clean  40-ml  vials  or 
three  120-ml  vials  and  four  40-ml  vials 
with  composited  sample. 

e.  Take  one  40-ml  vial  for  immediate 
analysis  to  determine  the  background  of 
the  purgeable  pollutants. 

f.  Store  the  remaining  vials  at  4°  C 
until  the  validation  study  is  begun. 

132.3  Spiking  levels  for  pollutant  and 
surrogate  standards — The  spiking  levels 
of  the  pollutants  are  determined  by  the 
background  (X)  in  the  samples.  The  low 
level  spike  will  give  a  final 
concentration  that  is  2  times  the  ' 
background  level.  The  intermediate  and 
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high  level  spikes  will  give  final 
concentrations  that  are  10  and  100  times 
the  background  level.  Concentrations  in 
excess  of  1000  pg/1  are  likely  to  flood 
the  gas  chromatographic  column. 
Therefore,  the  total  concentration 
(background  plus  spike}  of  each 
individual  pollutant  should  not  exceed 
900  pg/1.  Even  at  this  level,  the  solubility 
of  the  compounds  in  the  sample  must  be 
considered.  The  spiking  level  for  all 
surrogate  standards  should  be  100  pg/l. 

132.4  Spiking  Procedures. 

132.4.1  Preparation  of  Spiking 
Standards — Prepare  methanolic  stock 
standard  solutions  of  the  pollutants  and 
the  surrogate  standards  according  to  the 
directions  given  in  Method  624. 

From  the  methanolic  primary  dilutions 
prepare  secondary  aqueous  spiking 
mixtures  of  the  surrogate  standards  so 
that  20.0  pi  of  the  primary  standard 
solution,  diluted  to  50.0  ml  in  organic 
free  water  will  permit  adding  5  pi  of  the 
resulting  solution  to  the  5  ml  sample 
giving  the  desired  surrogate 
concentration  level  of  100  pg/1. 

Prepare  spiking  mixtures  of  the 
pollutant  standards  in  methanol  so  that 
20.0  pi  of  the  solution  added  to  100.0  ml 
of  sample  will  give  the  desired 
concentration  levels. 

132.4.2  To  minimize  the  solubility 
effect  of  methanol  on  the  constituents  to 
be  measured,  do  not  inject  more  than  20 
pi  of  spiking  solution  per  100  ml  of 
sample.  Never  use  a  pipet  to  transfer 
samples  or  aqueous  standards  that  are 
to  be  analyszed  for  volatile  purgeable 
compounds.  Transfer  samples  by 
pouring  into  the  receiving  vessel. 

132.4.3  Spiking  the  Sample 
Aliquots — Take  one  of  the  120-ml  or  3  of 
the  40  ml  sample  aliquots  from  cold 
storage,  equilibrate  to  room 
temperature,  and  fill  a  100  ml  volumetric 
flask  to  mark  with  the  sample.  Rapidly 
inject  20  pi  of  the  methanolic  solution  of 
pollutant  spiking  standard 
(concentration  2X)  into  the  expanded 
area  of  the  flask  below  the  neck. 

Stopper  and  mix  by  gently  inverting  the 
flask  three  times.  Fill  two  5-ml  syringes 
with  spiked  sample  from  the  flask  as 
directed  in  the  analytical  protocol.  Open 
the  valve  of  the  syringe  and  inject  5  pi 
of  the  surrogate  standard  spiking 
solution.  Inject  the  sample  aliquot  into 
the  purging  device  and  analyze 
according  to  Method  624. 

Take  one  of  the  40-ml  sample  aliquots 
from  cold  storage,  equilibrate  to  room 
temperature  and  fill  two  5-ml  syringes 
with  the  sample  as  directed  in  Method 
624.  Spike  5  pi  of  the  surrogate  standard 


water  solution  (concentration  100  pg/1) 
into  the  syringe  through  the  valve  giving 
a  final  concentration  of  100  pg/1.  Inject 
the  sample  aliquot  into  the  purge  device 
and  analyze  according  to  Method  624. 
See  Figure  3.  Repeat  this  procedure 
twice,  giving  three  sets  of  analyses  of 
two  samples  spiked  with  surrogate 
standards  only  and  two  samples  spiked 
with  surrogate  standards  and  pollutant 
compounds  of  interest. 

132.5  Calculation  of  Precision  and 
Accuracy—  The  precision  and  accuracy 
for  the  purgeable  pollutants  and  the 
surrogate  standards  are  calculated  as 
directed  for  the  semivolatile  solvent 
extractable  compounds  in  paragraphs 
131.5a,  b,  and  c. 

140  Continuing  Quality  Assurance 
and  Quality  Control. 

141  Extractable  Organics  (First 
Samples ) — The  following  procedures 
should  be  applied  to  the  first  sample  of  a 
subcategory  for  the  Base/Neutral  and 
Acid  groups.  An  outline  diagram  for  first 
sample  ongoing  quality  assurance 
samples  is  given  in  Figure  4. 

141.1  Withdraw  three  1-liter  aliquots 
of  the  composite  sample  according  to 
the  procedure  in  131.1. 

141.2  Spiking  the  Sample. Aliquots — 
Spike  one  of  the  aliquots  with  pollutant 
standards  plus  the  surrogate  standards 
and  two  of  the  aliquots  with  surrogate 
standards  only. 

141.3  Add  a  spike  sufficient  to 
approximately  double  the  background 
concentration  of  the  priority  pollutants 
as  determined  in  131.5b.  If  the  original 
concentration  is  higher  than  the 
midpoint  of  the  calibration  curve,  then 
the  concentration  of  the  spike  should  be 
approximately  one-half  the  original 
concentration.  Surrogate  spikes  as 
specified  in  131.3  should  be  added  to  all 
three  aliquots  bom  each  sample  at  a 
concentration  level  of  100  pg/l. 

141.4  Analyze  according  to  Method 
625. 

141.5  Calculations  of  Precision  and 
Accuracy 

a.  For  the  first  sample,  calculate  the 
precision  of  the  duplicate  analyses  (Xi 
and  X*)  from  the  two  1-liter  aliquots  for 
the  pollutants  background  and  the 
surrogate  standards.  Calculate  the  range 
(R)  of  the  results  according  to  equation 
11. 


Eq.  11  R  =  |  X,  -  X*  | 


The  concentration  of  each  compound 
is  represented  by  the  mean  of  the 
duplicate  values.  Calculate  the  mean  (X) 
according  to  equation  12. 


Eq.  12 


(X,  +  X2) 
2 


Refer  to  the  table  of  critical  range 
values  developed  in  131.5a,  to  find  the 
concentration  (C)  nearest  to  X.  Use  this 
Rc  to  evaluate  the  acceptability  of  R 
from  Eq.  11.  If  R  is  greater  than  R*,  the 
system  precision  is  out  of  control  and 
the  source  of  this  unusual  variability 
should  be  identified  and  resolved  before, 
continuing  with  routine  analyses.  After 
correcting  the  source  of  this  unusual 
variability,  reanalyze  the  sample  if 
possible.  Record  the  results  of  all 
duplicate  analyses  and  periodically 
(after  5  to  10  additional  duplicate  results 
are  obtained),  revise,  update,  and 
improve  the  table  of  critical  range 
values. 

b.  Accuracy  for  Surrogate  Spikes. 
Calculate  the  recovery  of  the  surrogate 
spikes  in  the  duplicates  according  to 
equation  13. 


Eq.  13 


P  • 


_  Where: 

P  is  the  percent  recovery. 

Z  is  the  analytically  determined 

concentration  of  the  surrogate  standard 
spikes. 

T  is  the  true  value  of  the  surrogate  standard 
spikes  added  in  132.4.3. 

If  the  percent  recoveries  are  not 
within  the  interval  P  +  3SP  as 
determined  in  131.5c,  the  system  should 
be  checked  for  problems.  If  problerhs 
exist,  they  must  be  resolved  before 
continuing  with  routine  analyses. 
Record  the  recovery  of  all  surrogate 
spikes  and  periodically  (every  5  to  10 
additional  data  points),  revise  and 
update  the  recovery  criteria. 

c.  Accuracy  for  Priority  Pollutant 
Spikes.  Using  the  results  obtained  from 
the  1-liter  aliquot  of  composite  sample 
spiked  with  surrogate  standards  and 
pollutant  standards,  calculate  the 
recoveries  of  the  priority  pollutants 
according  to  equation  14. 


Eq.  14  P  =  _100-(Z-X) 

T 
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Where: 

P  is  the  percent  recovery 
Z  is  the  analytically  determined 

concentration  of  the  pollutant  spikes 
T  is  the  true  value  of  the  pollutant  spikes 
added  in  132.4.3,  and 

X  is  the  mean  concentration  of  the  pollutant 
background  determined  by  equation  9. 

If  the  percent  recovery  is  not  within 
the  interval  of  P  +  3SP,  as  determined  in 
131.5b  the  system  should  be  checked  for 
problems.  If  problems  exist,  they  must 
be  resolved  before  continuing  with 
routine  analyses.  Record  the  recovery  of 
all  spikes  and  periodically  revise  and 
update  the  accuracy  criteria. 

142  Extractable  Organics — 
(Subsequent  Samples) — The  following 
procedures  should  be  applied  to  each 
subsequent  sample  of  a  subcategory  of 
the  Base-Neutral  and  Acid  groups.  A 
flow  diagram  for  each  subsequent 
ongoing  quality  assurance  sample  is 
given  in  Figure  5. 

142.1  Withdraw  a  one-liter  aliquot  as 
directed  in  131.1 

142.2  Spike  the  aliquot  with 
surrogate  standards  at  a  concentration 
of  100p.g/l. 

142.3  Analyze  according  to  Method 
625. 

142.4  Determine  the  percent 
recovery  of  the  surrogate  standards 
using  Equation  10.  If  the  percent 
recovery  is  outside  the  interval  P  +  3SP 
as  determined  in  131.5c,  the  analytical 
system  should  be  checked  for  problems. 
If  problems  exist,  they  must  be  resolved 
before  continuing  further  sample 
analyses. 

142.5  A  field  blank  must  be  analyzed 
according  to  Method  625.  If  priority 
pollutants  are  found  and  quantified,  the 
values  for  the  field  blank  should  be 
noted  and  reported  along  with  sample 
results.  If  significant  interference 
problems  occur,  the  method  blank  must 
be  analyzed  to  determine  if  interference 
was  introduced  in  the  field  or  the 
laboratory.  Appropriate  action  musts  be 
taken  to  eliminate  the  problem  before 
continuing  with  the  analysis  of  routine 
samples. 

143  Volatile  Organics  (First 
Sample) — The  following  procedures 
should  be  carried  out  on  the  first  sample 
from  each  subcategory.  An  outline  is 
given  in  Figure  4. 

143.1  If  grab  samples  are  to  be 
composited,  follow  instructions  given  in 
Section  132.2  and  132.4.3.  Prepare  six  5- 
ml  aliquots  for  analysis. 

143.2  Spike  two  aliquots  with  the 
pollutant  standards  at  a  level  twice  that 
determined  in  Section  132.5  and  the 
surrogate  standards  using  the 
procedures  in  Section  132.3  and  132.4. 


Spike  four  5-ml  aliquots  with  surrogate 
standards  only  as  in  132.3  and  132.4. 

143.3  Analyze  one  of  the  duplicates 
spiked  with  pollutants  and  surrogate 
standards  and  two  of  the  four  replicates 
spiked  with  surrogate  standards  only. 
The  remaining  spiked  aliquots  are 
analyzed  only  if  a  problem  is 
encountered  with  the  analysis  of  the 
first  set  of  aliquots. 

143.4  Analyze  the  spiked  aliquots 
according  to  Method  624. 

143.5  Calculate  the  precision  and 
accuracy  as  directed  for  the  semivolatile 
solvent  extractables  as  directed  in  141.5. 

144  Volatile  Organics  (Subsequent 
Samples) — The  following  procedures 
should  be  applied  to  each  subsequent 
sample  of  the  volatile  organics  group. 

An  outline  is  given  in  Figure  5. 

144.1  If  grab  samples  are  to  be 
composited,  follow  the  instructions 
given  in  Section  132.2  and  132.4.3. 
Prepare  two  5-ml  aliquots  for  analysis. 

144.2  Spike  both  aliquots  with 
surrogate  standards  only  to  give  a 
concentration  of  100  pg/1. 

144.3  Analyze  one  of  the  aliquots 
according  to  Method  624.  The  other 
aliquot  is  analyzed  only  if  a  problem  is 
encountered. 

144.4  Determine  the  percent 
recovery  of  the  surrogate  standards 
using  Equation  10.  If  the  percent 
recovery  is  outside  the  interval  P±3  Sp 
as  determined  in  131.5c,  then  the 
analytical  system  should  be  checked  for 
problems.  If  problems  exist,  they  must 
be  resolved  before  continuing  further 
sample  analysis. 

144.5  Analyze  a  field  blank 
representing  the  same  day  that  the 
samples  were  collected.  Follow  the 
guidelines  given  in  142.5. 

References 

1.  Eichelberger,  J.  W.,  L.  E.  Harris,  and  W. 

L.  Budde,  “Reference  Compound  to  Calibrate 
Ion  Abundance  Measurements  in  Gas 
Chromatography-Mass  Spectrometry 
Systems."  Anal.  Chem.  47,  995-1000  (1975). 

2.  McNair,  H.  M.,  and  E.  J.  Bonelli,  “Basic 
Gas  Chromatography,”  p.  52,  Consolidated 
Printing,  Berkely,  CA  1969. 

Figure  2.— Summary  of  Initial  Validation  Analyses  tor 
Extractable  Samples 


Liters  GS/MS 
used  runs 


1.  Collect  a  minimum  ot  3 '/a  gallons  ol 

sample................... . . . . . .  . . . . 

2.  Withdraw  a  1 -liter  aliquot.  Store  compos¬ 
ite  at  4*  C.  Separate  into  three  groups  of 

4  aliquots  each .  1 _ 

3.  Determine  the  background  concentration 

(X)  of  each  pollutant  of  interest .  1 

4.  Withdraw  twelve  1 -liter  aliquots  from  the 

composite. . . 

5.  (a)  Dose  2  of  aliquots  with  surrogate 
standards  only  at  tOO  pg/l.  Label  as  At 

and  A2 _  2 _ 


Figure  2.— Summary  of  Initial  Validation  Analyses  lor 
Extractable  Samples— Continued 


Liters  GS/MS 
used  runs 


(b)  Dose  2  aliquots  with  surrogate  standard 
at  100  pg/l  and  pollutants  of  interest  to 
give  a  concentration  level  of  2X.  Label 

as  D1  and  D2 _ _ _  2 . 

(c)  Analyze  At,  A 2.  D1.  and  D2  using 

Method  625 . . .  4 

6.  Repeat  5a,  b.  and  c.  Label  surrogate 
standards  only  as  B1  and  B2.  Use  tOX 
level  for  priority  pollutants.  Label  as  El 

and  E2 _ _  4  4 

7.  Repeat  5a.  b.  and  c.  Label  surrogate 
standards  only  as  Cl  and  C2.  Use  100X 
level  for  priority  pollutants  of  interest. 

Label  as  FI  and  F2 ................... .  4  4 


Total . . . .  13  13 


Figure  3 .—Summary  of  Initial  Validation  Analyses  for 
Purgeable  Samples 


5-ml 

syringes  GC/MS 
used  runs 


1.  Collect  a  minimum  of  600  ml  of  sample . 

2.  Fill  13  clean  40-ml  vials  or  3  clean  120- 

ml  vials  +  4  clean  40-ml  vials  with  com¬ 
posite,  cap,  and  store  at  4“  C. . 

3.  (a)  Fill  a  5-ml  syringe  from  one  40-ml  vial  1 
(b)  Analyze  and  determine  the  background 

concentration  (X)  of  each  priority  pollut¬ 
ant  ............. . . . 

4.  (a)  Fill  two  5-ml  syringes  from  one  40-ml 

vial . . . .  2 

(b)  Dose  with  surrogate  standards  at  100 

pg/l.  Label  as  A1  and  A2 . . . 

<c)  Analyze  A1  and  A2  using  Method  624 . 

(d)  Fill  a  100  ml  volumetric  to  mark  using 

one  120-ml  or  three  40-ml  vials..... . . . . 

(e)  Dose  with  20  of  pollutants  of  interest 

to  give  a  concentration  of  2X . . 

(f)  Fill  two  5-ml  syringes  from  the  100-ml 

volumetric .  2 

(g)  Dose  each  syringe  with  surrogate 
standards  at  a  concentration  of  100  p.g/1. 

Label  as  D1  and  D2 . . . . 

(h)  Analyze  Dt  and  D2  using  Method  624 . 

5.  Repeat  4.  Label  surrogates  only  as  B1 

and  B2.  Use  10X  level  for  pollutant  of  in¬ 
terest  Label  priority  pollutants  plus  sur¬ 
rogate  standards  as  El  and  E2 . . 4 

6.  Repeat  4.  Label  surrogates  only  as  Cl 
and  C2.  Use  100X  level  for  pollutant  of 
interest.  Label  priority  pollutants  as  FI 

and  F2 .......... _ ..................... _ ..............  4 


1 


2 


2 


4 


4 


Total. 


13  13 


Figure  4 .—Summary  of  Ongoing  Quality  Assurance 
for  First  Sample 


Extractables  Liters  GC/MS 

used  runs 


1.  Composite  the  Sample  ...„ . . . . . 

2.  (a)  Withdraw  three  1 -liter  aliquots .  3 

(b)  Dose  two  aliquots  with  surrogate  stand¬ 
ards  only  at  100  pg/1 . . 

(c)  Dose  one  aliquot  with  surrogate  stand¬ 
ards  and  the  pollutants  of  interest  to  give 

a  concentration  of  2X.  Section  131.5 . 


(d)  Analyze  using  Method  625 . . .  3 

Total . . . .  3  3 
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5  ml  GC/MS 

Purgeabtes  syringes  runs 

used 


t  Composite  the  Sample - - — . 

2  (a)  F#  4  dean  4-ml  vials  or  1  dean  120- 

ml  vial  -f  1  dean  40-ml  vial  with  com¬ 
posite  Store  at  4°  C - ...... - - - 

3  (a)  Fill  tour  5-ml  syringes  from  one  40-ml 

vial . — - - - -  * 

(01  Dose  each  with  surrogate  standards  at 

100  nqt\ - - 

(c)  Fill  a  100  ml  volumetric  to  mark  using 

the  120 -ml  vial  or  three  40-ml  vials . . - . 

(d)  Dose  with  20  pi  of  pollutants  of  interest 
to  give  a  concentration  ol  2X,  Section 

132.5 - - 

(e)  Fi*  two  5-ml  syringes  from  the  100  ml 

volumetric _ _ ... -  2 

(f)  Analyze  two  5-ml  syringes  containing 
surrogate  standards  only  and  one  5-ml 
synnges  containing  surrogate  standards 
and  pollutants  of  interest  using  method 


624 - - -  3 

.  Total _  6  3 


Figure  5.—  Summary  of  Ongoing  Quality  Assurance 
for  Subsequent  Samples 


Extractables  Liters  GC/MS 

used  runs 


1  Composite  the  Sample _ 


2.  (a)  Withdrawal  -titer  aliquot . . .  1  — 

(b)  Dose  with  surrogate  standards  only  at 


100  pg/l - - 

— 

1 

1 

1 

Total  (x29  days) . .. . 

29 

*29 

5  ml 

GC/MS 

Purgeables 

Syringes 

runs 

used 

2.  (a)  Fill  two  5-ml  synnges  witri  composite 

2 

. . . 

(b)  Dose  with  surrogate  standards  at  100 

(c)  Analyze  one  5-ml  sample . . 

— 

i 

Subtotal _  2  1 

Total  (x29  days) . . .  58  *29 


'Assuming  that  field  blank  shows  no  pollutant  of  interest  If 
field  blank  were  to  be  analyzed  by  GC/MS  each  subsequent 
day.  the  total  would  be  58. 

Appendix  A. — Numerical  Example  of 
Validation  Phase  Results 

The  following  is  an  example  of  the 
calculations  and  results  of  a  validation 
study. 


Surrogate  standard 
(Mg/i) 

Sample  Added  Found 

Range 
(Eq.  3) 

Mean 
(Eq  4). 

Percent 
recovery 
(Eq.  10) 

A1 . 

95 

93 

98 

A2 . 

95 

97 

4 

95 

102 

B1 

95 

96 

101 

B2 _ 

95 

98 

2 

97 

103 

Cl 

95 

90 

95 

C2 . 

95 

94 

4 

92 

99 

95 

99 

104 

D2 . . 

95 

95 

4 

97 

100 

El 

95 

69 

94 

62™ . 

95 

91 

2 

90 

96 

FI  . 

95 

94 

99 

F2 _ _ 

95 

96 

2 

95 

101 

Critical  Difference  (Eq.  5)  ^=9.8  at  95 
^g/1- 

Mean  %  Recovery  (Eq.  8)  P=99%. 

Standard  Dev.  of  P  (Eq.  9)  Sp  =  3.1; 
3SP=9.4. 

Acceptable  Range  of  Recovery  90  to 
100%. 

During  the  same  validation  study,  the 
following  data  were  obtained  for  one  of 
the  priority  pollutants  studied. 


Hr 


Pollutant  ol  interest 

Found 

Range 
(Eq  3) 

Percent 
mean 
(Eq  4) 

Mean 
recovery 
(Eq  7) 

Recovery 
(Eq  8) 

Std.  dev 
(Eq  9) 

Sample 

Back 

ground 

Added 

X 

X 

0 

12 

A1 

X 

0 

9 

A2 

X 

0 

11 

2 

10 

B1 

X 

0 

11 

B2 

X 

0 

14 

3 

12.5 

Cl 

X 

0 

13 

C2 

X 

0 

14 

1 

13.5 

01 

12 

12 

17 

42 

D2 

12 

12 

18 

1 

17.5 

50 

46 

5.9 

El 

12 

110 

102 

82 

E2 

12 

110 

107 

5 

106 

86 

84 

3.3 

FI 

12 

1200 

1160 

96 

F2 

12 

1200 

1140 

20 

1150 

94 

95 

1.2 

Critical  Difference  (Eq.  5)  for  priority 
pollutants: 

R,.=6.7  at  12  pg/1 
R<.=3.3  at  17.5  pg/1 
Rc  =  16.4  at  106  pg/1 
R<.=65  at  1150  ftg/1 

Mean  Value  of  X  (Eq.  6): 

X  =  12.0  fig/1  (background  concentration) 

Is  there  a  significant  difference  in  the 
recoveries  between  the  100X  and  10X 
levels?  Apply  a  two  tailed  student’s  t- 
test  with  a  confidence  level  of  95%. 

sd  =  VS*100+S,o*=  V(i.2)2+(3.3)*=3.51  (2 
degrees  of  freedom) 


d  =  X,o«  -  X.. = 95-84  =  TT 
t»«P=d/Sd  =  ll/3.5T=3.70 

Since  3.7  is  less  than  4.3  (t-value,  0.95, 
2  degrees  of  freedom)  there  is  no 
significant  difference  between  the  100X 
and  10X  levels.  Apply  equations  8  and  9 
to  the  four  recoveries  for  these  two 
levels.  The  mean  recovery  (eq.  8)  is  89% 
with  a  standard  deviation  (eq.  9)  of  6.5 
(3  degrees  of  freedom).  Test  the  2X  level 
against  this  mean  recovery  and  standard 
deviation. 

Sd=  v(675)2+(5.9)==8.78  (4  degrees  of 
freedom) 


d  =89-46  =  43 
t„p  =  43/8.78 =4.90 

Since  4.90  is  greater  than  2.78  (t-value, 
0.95,  4  degrees  of  freedom)  there  is  a 
significant  difference  between  the  2X 
and  the  100X.  10X  levels. 


2X 

100X. 

10X 

Mean  %  Recovery  (Eq  8) . 

_  46 

•  89 

.  59 

65 

3  s* . . . 

.  18 

20 

Acceptable  Range  1%) . 

_ _  28  to  64  69  to  109 

For  the  first  sample  of  the  subcategory 
the  following  data  were  obtained. 


Surrogate  std  (m9/U 

Priority  pollutant  (>»g/l) 

Sample 

Added  Found  Recovery 

Added  Found  Percent 

(Eq.  13) 

recovery 

(Eq  14) 

a _ _ _  100  93  93  o  13  _ _ 

b . .  100  90  90  0  15  _ 

C . .  100  105  105  12  20  50 


For  the  Surrogate  Standards,  the  range 
between  a  and  b  (Eq.  11)  is  3,  and  the 
mean  concentration  (Eq.  12)  is  91.5  p.g/1. 
Since  the  critical  difference  is  9.8  at  95 
pg/1.  this  range  is  acceptable.  The 


recoveries  of  the  Surrogate  Standards  in 
a.  b.  and  c  (Eq.  3)  are  all  in  the 
acceptable  range  of  90  to  109%. 
Therefore,  the  accuracy  is  acceptable. 
For  the  pollutants  of  interest,  the 


range  between  a  and  b  is  acceptable 
(less  than  6.7).  and  the  recovery  is 
acceptable  (acceptable  range  of  28  to 
64%). 
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The  following  is  an  example  of  the 


results  for  samples  2  to  30  of  a  30  sample 
study: 


Table  1  —Recommended  Wavelengths  1 
and  Estimated  Instrumental  Detection  Limits — 
Continued 


Pollutant  (Mg/I)  Surrogate  standard  (jig/1) 


Sample  Found 

Added 

Found  Percent 

recovery 

2 

14 

100 

90 

90 

3 

15 

100 

99 

99 

4 

20 

00 

100 

100 

5 

11 

100 

107 

107 

6 

17 

100 

100 

100 

Update  recovery  for  SS" 

7 

18 

100 

100 

100 

8 

10 

100 

75 

75 

Not  acceptable,  disregard  results. 

9 

14 

100 

92 

92 

10 

13 

100 

93 

93 

11 

12 

100 

94 

94 

Update  recovery  for  SS.*' 

12 

20 

100 

95 

95 

30 

15 

100 

95 

95 

Give  final  statistic  on  recovery  of  SS. 

‘Includes  20  results,  12  validation,  3  first  day  and  days  2  through  6.  Mean  -  99  Std.  Dev.  =4.6.  Acceptable  range  85-113%. 
“Includes  25  results;  day  8  result  not  included.  Mean =98  Std.  Dev. =4.6  Acceptable  range  84-112%. 


Appendix  IV. — Inductively  Coupled 
Plasma  Optical  Emission  Spectrometric 
Method  (ICP)  for  Trace  Element 
Analysis  of  Water  and  Wastes 

Inductively  Coupled  Plasma  (ICP) 
Optical  Emission  Spectrometric  Method 
for  Trace  Element  Analysis  of  Water 
and  Wastes 

Interim 

U.S.  Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati,  Ohio  45268 
October  1979. 

Foreword 

This  method  has  been  prepared  by  the 
staff  of  the  Environmental  Monitoring 
and  Support  Laboratory — Cincinnati, 
with  the  cooperation  of  the  EPA-ICP 
Users  Group.  Their  cooperation  and 
support  is  gratefully  acknowledged. 

This  method  represents  the  current 
state-of-the-art,  but  as  time  progresses, 
improvements  are  anticipated.  Users  are 
encouraged  to  identify  problems  and 
assist  in  updating  the  method  by 
contacting  the  Environmental 
Monitoring  and  Support  Laboratory, 
Cincinnati,  Ohio  45268. 

Inductively  Coupled  Plasma  (ICP) 
Optical  Emission  Spectrometric  Method 
for  Trace  Element  Analysis  of  Water 
and  Wastes 

1.  Scope  and  Application. 

1.1  This  method  may  be  used  for  the 
determination  of  dissolved,  suspended, 
or  total  elements  in  surface  water, 
drinking  water,  and  domestic  and 
industrial  wastewaters. 

1.2  Dissolved  elements  are 
determined  in  filtered  and  acidified 
samples.  Appropriate  steps  must  be 
taken  to  ensure  that  potential 


interference  are  taken  into  account 
when  dissolved  solids  exceed  1500  mg/1. 
(See  4.2) 

1.3  Total  elements  are  determined 
after  appropriate  digestion  procedures 
are  performed.  Since  digestion 
techniques  increase  the  dissolved  solids 
content  of  the  samples,  appropriate 
steps  must  be  taken  to  correct  for 
potential  interference  effects. 

1.4  Table  1  lists  elements  for  which 
this  method  applies  along  with 
recommended  wavelengths  and  typical 
estimated  instrumental  detection  limits. 
Actual  working  detection  limits  are 
sample  dependent  and  as  the  sample 
matrix  varies,  these  concentrations  may 
also  vary.  In  time,  other  elements  may 
be  added  as  more  information  becomes 
available. 

1.5  Because  of  the  differences 
between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed 
instrumental  operating  instructions  can 
be  provided.  Instead,  the  analyst  is 
referred  to  the  instructions  provided  by 
the  manufacturer  of  the  particular 
instrument. 

Table  A— Recommended  Wavelengths  ' 

and  Estimated  Instrumental  Detection  Limits 


Estimated 


Element 

Wavelength,  nm 

detection  limit, 
(4Q/I  ‘ 

Aluminum . 

308  2 

45 

Arsenic _ _ 

193.7 

53 

Barium . 

455.5 

2 

Beryllium . 

3130 

0.3 

Boron . . . 

2498 

5 

Cadmium _ _ _ 

226  5 

4 

Calcium . 

317.9 

10 

Chromium . . . . 

2677 

7 

Cobalt . 

228  6 

7 

Copper . 

324  7 

6 

Iron . .. . 

2599 

7 

Lead . . 

2203 

42 

Lithium . . . 

670.7 

4 

Magnesium . 

279.1 

30 

Manganese ........ _ _ 

257.8 

2 

Estimated 

Element  Wavelength,  nm  detection  limit. 


Molybdenum _ ............  202.0  8 

Nickel _ _  231.6  15 

Potassium .  766.4  see  * 

Selenium .  196.0  75 

Silica  (SiO,) _  288.1  27 

Silver _  328.0  7 

Sodium .  589.0  29 

Strontium .  407.7  0.5 

Vanadium .  292.4  8 

Zinc _  213.8  2 


‘The  wavelengths  listed  are  recommended  because  ol 
their  sensitivity  and  overall  acceptance.  Other  wavelengths 
may  be  substituted  it  they  can  proved  the  needed  sensitivity 
and  are  treated  with  the  same  corrective  techniques  tor  spec¬ 
tral  interference.  (See  4.1.1). 

‘The  estimated  instrumental  detection  limits  as  shown  are 
taken  from  "Inductively  Coupled  Plasma-Optical  Emission 
Spectroscopy  Prominent  Lines,”  EPA-600/4-79-017  Detec¬ 
tion  limits  are  sample  dependent  and  as  the  sample  matrix 
varies,  these  concentration  values  may  also  vary. 

‘Highly  dependent  on  operating  conditions  and  plasma  po¬ 
sition. 

2.  Summary  of  Method. 

2.1  The  method  describes  a 
technique  for  the  simultaneous  of 
sequential  multielement  determination 
of  trace  elements  in  solution.  The  basis 
of  the  method  is  the  measurement  of 
atomic  emission  by  an  optical 
spectroscopic  technique.  Samples  are 
nebulized  and  the  aerosol  that  is 
produced  is  transported  to  the  plasma 
torch  where  excitation  occurs. 
Characteristic  atomic-line  emission 
spectra  are  produced  by  a  radio¬ 
frequency  inductively  coupled  plasma 
(ICP).  The  spectra  are  dispersed  by  a 
grating  spectrometer  and  the  intensities 
of  the  lines  are  monitored  by 
photomultiplier  tubes.  The 
photocurrents  from  the  photomultiplier 
tubes  are  processed  and  controlled  by  a 
computer  system.  A  background 
correction  technique  is  required  to 
compensate  for  variable  background 
contribution  to  the  determination  of 
trace  elements.  Background  must  be 
measured  adjacent  to  analyte  lines  on 
samples  during  analysis.  Additional 
interferences  named  in  4.1  should  also 
be  recognized  and  appropriate 
corrections  made. 

3.  Definitions. 

3.1  Dissolved — Those  elements 
which  will  pass  through  a  0.45  pm 
membrane  filter. 

3.2  Suspended — Those  elements 
which  are  retained  by  a  0.45  pm 
membrane  filter. 

3.3  Total — The  concentration 
determined  on  an  unfiltered  sample 
following  vigorous  digestion  (Section 
8.3),  or  the  sum  of  the  dissolved  plus 
suspended  concentrations  (Section  8.1 
plus  8.2). 

3.4  Total  recoverable — The 
concentration  determined  on  an 
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unfiltered  sample  following  treatment 
with  hot,  dilute  mineral  acid  (Section 
8.4). 

3.5  Instrumental  detection  limit — 
The  concentration  equivalent  to  a  signal, 
due  to  the  analyte,  which  is  equal  to 
three  times  the  standard  deviation  of  a 
series  of  ten  replicate  measurements  of 

a  reagent  blank  signal  at  the  same 
wavelength. 

3.6  Sensitivity — The  slope  of  the 
analytical  curve,  i.e.  funtional 
relationship  between  emission  intensity 
and  concentration. 

3.7  Instrument  check  standard — A 
multielement  standard  of  known 
concentrations  prepared  by  the  analyst. 
Should  be  included  in  the  analytical 
scheme  with  a  frequency  of  10%.  (See 
6.6.1.) 

3.8  Reference  standard — A  solution 
obtained  from  an  outside  source  having 
known,  verified  values.  Must  be  used 
initially  to  verify  the  calibration 
standards  and  analyzed  thereafter  as  a 
blind  sample  on  a  weekly  frequency. 

(See  6.6.2.) 

3.9  Calibration  standards — A  series 
of  known  standard  solutions  used  by  the 
analyst  for  calibration  of  the  instrument 
(i.e.,  preparation  of  the  analytical  curve). 
(See  6.4.) 

3.10  Linear  dynamic  range — The 
concentration  range  over  which  the 
analytical  curve  remains  linear. 

3.11  Reagent  blank — A  volume  of 
deionized,  distilled  water  containing  the 
same  acid  matrix  as  the  calibration 
standards  carried  through  the  entire 
analytical  scheme.  (See  6.5.2.) 

3.12  Calibration  blank — A  volume  of 
deionized,  distilled  water  acidified  with 
HN03  and  HC1.  (See  6.5.1.) 

3.13  Method  of  standard  addition — 
The  standard  addition  technique 
involves  the  use  of  the  unknown  and  the 
unknown  plus  a  known  amount  of 
standard.  (See  9.6.1.) 

4.  Interferences. 

4.1  Several  types  of  interference 
effects  may  contribute  to  inaccuracies  in 
the  determination  of  trace  elements. 

They  can  be  summarized  as  follows: 

4.1.1  Spectral  interferences  can  be 
categorized  as  (1)  overlap  of  a  spectral 
line  from  another  element;  (2) 
unresolved  overlap  of  molecular  band 
spectra;  (3)  background  contribution 
from  continuous  or  recombination 
phenomena;  and  (4)  background 
contribution  ffom  stray  light  from  the 
line  emission  of  high  concentration 
elements.  The  first  of  these  effects  can 
be  compensated  by  utilizing  a  computer 
correction  of  the  raw  data,  requiring 
measurement  of  the  interfering  element. 
The  second  effect  may  require  selection 
of  an  alternate  wavelength.  The  third 
and  fourth  effects  can  usually  be 


compensated  by  a  background 
correction  adjacent  to  the  analyte  line. 

4.1.2  Physical  interferences  are 
generally  considered  to  be  effects 
associated  with  the  sample  nebulization 
and  transport  processes.  Such  properties 
as  change  in  viscosity  and  surface 
tension  can  cause  significant 
inaccuracies  especially  in  samples 
which  may  contain  high  dissolved  solids 
and/or  acid  concentrations.  (See  Note 
1.)  If  these  types  of  interferences  are 
operative,  they  must  be  reduced  by 
dilution  of  the  sample  and/or  utilization 
of  standard  addition  techniques. 

Note  1. — The  use  of  a  peristaltic  pump  may 
lessen  these  interferences. 

4.1.3  Chemical  interferences  are 
characterized  by  molecular  compound 
formation,  ionization  effects  and  solute 
vaporization  effects.  Normally  these 
effects  are  not  pronounced  with  the  ICP 
technique,  however,  if  observed  they 
can  be  minimized  by  careful  selection  of 
operating  conditions  (that  is,  incident 
power,  observation  position,  and  so 
forth),  by  buffering  of  the  sample,  by 
matrix  matching,  and  by  standard 
addition  procedures.  These  types  of 
interferences  can  be  highly  dependent 
on  matrix  type  and  the  specific  analyte 
element. 

4.2  It  is  recommended  that  whenever 
a  new  or  unusual  sample  matrix  is 
encountered,  a  series  of  tests  be 
performed  prior  to  reporting 
concentration  data  for  analyte  elements. 
These  tests,  as  outlined  in  4.2.1  through 
4.2.4,  will  ensure  the  analyst  that  neither 
positive  nor  negative  interference  effects 
are  operative  on  any  of  the  analyte 
elements  thereby  distorting  the  accuracy 
of  the  reported  values. 

4.2.1  Serial  dilution — If  the  analyte 
concentration  is  sufficiently  high 
(minimally  a  factor  of  10  above  the 
instrumental  detection  limit  after 
dilution),  an  analysis  of  a  dilution 
should  agree  within  5  percent  of  the 
original  determination  (or  within  some 
acceptable  control  limit  (13.3)  that  has 
been  established  for  that  matrix).  If  not, 
a  chemical  or  physical  interference 
effect  should  be  suspected. 

4.2.2  Spike  addition — The  recovery 
of  a  spike  addition  added  at  a  minimum 
level  of  10X  the  instrumental  detection 
limit  (maximum  100X)  to  the  original 
determination  should  be  recovered  to 
within  90  to  110  percent  or  within  the 
established  control  limit  for  that  matrix. 
If  not,  a  matrix  effect  should  be 
suspected.  The  use  of  a  standard 
addition  analysis  procedure  can  usually 
compensate  for  this  effect. 

Caution. — The  standard  addition  technique 
does  not  detect  coincident  spectral  overlap.  If 
suspected,  use  of  an  alternate  wavelength  or 


comparison  with  an  alternate  method  is 
recommended  (See  4.2.3). 

4.2.3  Comparison  with  alternate 
method  of  analysis — When  investigating 
a  new  sample  matrix,  comparison  tests 
may  be  performed  with  other  analytical 
techniques  such  as  atomic  absorption 
spectrometry,  or  other  approved 
methodology. 

4.2.4  Wavelength  scanning  of 
analyte  line  region — If  the  appropriate 
equipment  is  available,  wavelength 
scanning  can  be  performed  to  detect 
potential  spectral  interferences. 

5.  Apparatus. 

5.1  Inductively  Coupled  Plasma  (ICP) 
Optical  Emission  Spectrometer. 

5.1.1  Computer  controlled  atomic 
emission  spectrometer  with  background 
correction. 

5.1.2  Radiofrequency  generator. 

5.1.3  Argon  gas  supply,  welding 
grade  or  better. 

5.2  Operating  conditions — Because 
of  the  differences  between  various 
makes  and  models  of  satisfactory 
instruments,  no  detailed  operating 
instructions  can  be  provided.  Instead, 
the  analyst  should  follow  the 
instructions  provided  by  the 
manufacturer  of  the  particular  v 
instrument.  Sensitivity,  instrumental 
detection  limit,  precision,  linear 
dynamic  range,  and  interference  effects 
must  be  investigated  and  established  for 
each  individual  analyte  line  on  that 
particular  instrument. 

6.  Reagents  and  standards. 

6.1  Acids  used  in  the  preparation  of 
standards  and  for  sample  processing 
must  be  ultra-high  purity  grade  or 
equivalent.  Redistilled  acids  are 
acceptable. 

6.1.1  Acetic  acid,  cone,  (sp  gr  1.06). 

6.1.2  Aqua  regia:  Mix  cautiously  3 
parts  cone.  HC1  (sp  gr  1.19)  and  1  part 
cone.  HNOa  (sp  gr  1.41)  just  before  use. 

6.1.3  Hydrochloric  acid,  cone,  (sp  gr 
1.19). 

6.1.4  Hydrochloric  acid,  (1  +  1):  Add 
500  ml  cone.  HC1  (sp  gr  1.19)  to  400  ml 
deionized,  distilled  water  and  dilute  to  1 
liter. 

6.1.5  Nitric  acid,  cone,  (sp  gr  1.41). 

6.1.6  Nitric  acid,  (1  +  1):  Add  500  ml 
cone.  HNOa  (sp  gr  1.41)  to  400  ml 
deionized,  distilled  water  and  dilute  to  1 
liter. 

6.2  Deionized,  distilled  water: 
Prepare  by  passing  distilled  water 
through  a  mixed  bed  of  cation  and  anion 
exchange  resins.  Use  deionized,  distilled 
water  for  the  preparation  of  all  reagents, 
calibration  standards  and  as  dilution 
water. 

6.3  Standard  stock  solutions  may  be 
purchased  or  prepared  from  ultra  high 
purity  grade  chemicals  or  metals 
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(Caution:  See  Note  2).  All  salts  must  be 
dried  for  1  h  at  105°  C  unless  otherwise 
specified. 

Note  2. — Many  metal  salt9  are  extremely 
toxic  and  may  be  fatal  if  swallowed.  Wash 
hands  thoroughly  after  handling. 

Typical  stock  solution  preparation 
procedures  follow: 

6.3.1  Aluminum  solution,  stock,  1 
ml  =  100  pg  Al:  Dissolve  0.100  g  of 
aluminum  metal  in  an  acid  mixture  of  4 
ml  of  (1  +  1)  HC1  and  1  ml  of  cone.  HNOi 
in  a  beaker.  Warm  gently  to  effect 
solution.  When  solution  is  complete, 
transfer  quantitatively  to  a  liter  flask, 
add  an  additional  10  ml  of  (1  +  1)  HC1 
and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.2  Arsenic  solution,  stock,  1 
ml =100  pg  As:  Dissolve  0.1320  g  of 
As203  in  100  ml  of  deionized,  distilled 
water  containing  0.4  g  NaOH.  Acidify 
the  solution  with  2  ml  cone.  NHOs  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.3  Barium  solution,  stock,  1 

ml  =  100  pg  Ba:  Dissolve  0.1516  g  BaCL 
in  10  ml  deionized,  distilled  water  with  1 
ml  (1+1)  HC1.  Add  10.0  ml  (1  +  1)  HC1 
and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.4  Beryllium  solution,  stock,  1 
ml  =  100  pg  Be:  Dissolve  1.127  g 
Be40(C2Hs02)«,  beryllium  acetate  basic, 
in  a  minimum  amount  of  cone,  acetic 
acid.  Add  10.0  ml  cone.  HN03  and  dilute 
to  1,000  ml  with  deionized,  distilled 
water. 

6.3.5  Boron  solution,  stock,  1  ml  =  100 
pg  B:  Dissolve  0.5716  g  anhydrous  H3B03 
in  deionized,  distilled  water  and  dilute 
to  1,000  ml.  Because  H3B03  loses  weight 
on  drying  at  105°  C,  use  a  reagent 
meeting  ACS  specifications  and  keep 
the  bottle  tightly  stoppered  to  prevent 
the  entrance  of  atmospheric  moisture. 

6.3.6  Cadmium  solution,  stock,  1 

ml  =  100  pg  Cd:  Dissolve  0.1142  g  CdO  in 
a  minimum  amount  of  (1  +  1)  HN03. 

Heat  to  increase  rate  of  dissolution.  Add 
10.0  ml  cone.  HNOs  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.7  Calcium  solution,  stock,  1 

ml  =  100  pg  Ca:  Suspend  0.2498  g  CaC03 
dried  at  180°  C  for  1  h  before  weighing  in 
deionized,  distilled  water  and  dissolve 
cautiously  with  a  minimum  amount  of 
(1  +  1)  HNOs.  Add  10.0  ml  cone.  HN03 
and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.8  Chromium  solution,  stock,  1 

ml  =  100  pg  Cr  Dissolve  0.1923  g  of  CrOa 
in  deionized,  distilled  water.  When 
solution  is  complete,  acidify  with  10  ml 
cone.  HNOs  and  dilute  to  1,000  ml  with 
deionized,  distilled  water. 

6.3.9  Cobalt  solution,  stock,  1 

ml  =  100  pg  Co:  Dissolve  0.1407  g  Co203 


in  a  minimum  amount  of  (1+1)  HNOs. 
Add  10.0  ml  cone.  HNOs  and  dilute  to 
1,000  ml  with  deionized,  distilled  water. 

6.3.10  Copper  solution,  stock,  1 

ml  =  100  pg  Cu:  Dissolve  0.1252  g  CuO  in 
a  minimum  amount  of  (1+1)  HNOs.  Add 
10.0  ml  cone.  HNOa  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.11  Iron  solution,  stock,  1  ml =100 
pg  Fe:  Dissolve  0.1430  g  Fe2Os  in  10  ml 
deionized,  distilled  water  with  1  ml 

(1  +  1)  HC1.  Add  10.0  ml  cone.  HNOs  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.12  Lead  solution,  stock,  1  ml  =  100 
pg  Pb:  Dissolve  0.1599  g  Pb(N03)2  in  a 
minimum  amount  of  (1+1)  HNOs.  Add 
10.0  ml  cone.  HNOs  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.13  Lithium  solution,  stock,  1 

ml  =  100  pg  Li:  Dissolve  0.5323  g  Li2COs, 
slowly  in  a  minimum  amount  of  (1+1) 
HNOs.  Add  10.0  ml  cone.  HNOs  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.14  Magnesium  solution,  stock,  1 
ml  =  100  pg  Mg:  Dissolve  0.1658  g  MgO 
in  a  minimum  amount  of  (1  + 1)  HNOs. 
Add  10.0  ml  cone.  HNOs  and  dilute  to 
1.000  ml  with  deionized,  distilled  water. 

6.3.15  Manganese  solution,  stock,  1 
ml  =  100  pg  Mn:  Dissolve  0.5225  g 
Mn(N03)a<6H20  (do  not  dry)  in 
deionized,  distilled  water.  Add  10.0  ml 
cone.  HNOs  and  dilute  to  1,000  ml  with 
deionized,  distilled  water. 

6.3.16  Molybdenum  solution,  stock,  1 
ml  =  100  pg  Mo:  Dissolve  0.2043  g 
(NH»)2MoO«  in  deionized,  distilled  water 
and  dilute  to  1,000  ml. 

6.3.17  Nickel  solution,  stock,  1  ml  = 
100  pg  Ni:  Dissolve  0.4953  g  Ni(NOs)2 
<6H20  in  deionized,  distilled  water.  Add 
10  ml  of  cone.  HNOs  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.18  Potassium  solution,  stock,  1  ml 
=  100  pg  K:  Dissolve  0.1907  g  KC1,  dried 
at  110°  C,  in  deionized,  distilled  water 
dilute  to  1,000  ml. 

6.3.19  Selenium  solution,  stock,  1  ml 
=  100  pg  Se:  Dissolve  0.1727  g  H2SeOs  in 
deionized,  distilled  water  and  dilute  to 
1,000  ml. 

6.3.20  Silica  solution,  stock,  1  ml  = 
100  pg  Si02:  Do  not  dry.  Dissolve  0.4730 
g  Na2SiOs  <9H20  in  deionized,  distilled 
water.  Add  10.0  ml  cone.  HNOs  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.21  Silver  solution,  stock,  1  ml  =  1 
pg  Ag:  Dissolve  0.1575  g  AgNOs  in  100 
ml  of  deionized,  distilled  water  and  10 
ml  cone.  HNOs.  Dilute  to  1,000  ml  with 
deionized,  distilled  water. 

6.3.22  Sodium  solution,  stock,  1  ml  = 
100  pg  Na:  Dissolve  0.2542  g  NaCl  in 
deionized,  distilled  water.  Add  10.0  ml 
cone.  HNOs  and  dilute  to  1,000  ml  with 
deionized,  distilled  water. 


6.3.23  Strontium  solution,  stock,  1  ml 
=  100  pg  Sr  Dissolve  0.2416  g  Sr(NOs)2 
in  deionized,  distilled  water.  Add  10.0 
ml  cone.  HNOs  and  dilute  to  1,000  ml 
with  deionized,  distilled  water. 

6.3.24  Vanadium  solution,  stock,  1  ml 
=  100  pg  V:  Dissolve  0.2297  NFLVO.  in 

a  minimum  amount  of  cone.  HNOs.  Heat 
to  increase  rate  of  dissolution.  Add  10.0 
ml  cone.  HNOs  and  dilute  to  1,000  ml 
with  deionized,  distilled  water. 

6.3.25  Zinc  solution,  stock,  1  ml  = 

100  pg  Zn:  Dissolve  0.1245  g  ZnO  in  a 
minimum  amount  of  dilute  HNOs.  Add 
10.0  ml  cone.  HNOs  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.4  Mixed  calibration  standard 
solutions — Prepared  mixed  calibration 
standard  solutions  by  combining 
appropriate  volumes  of  the  stock 
solutions  in  volumetric  flasks.  (See  6.4.1 
thru  6.4.6)  Add  2  ml  of  (1  +  1)  HNOs  and 
2  ml  of  (1+1)  HC1  and  dilute  to  100  ml 
with  deionized,  distilled  water.  Prior  to 
preparing  the  mixed  standards,  each 
stock  solution  should  be  analyzed 
separately  to  determine  possible 
spectral  interference.  Care  should  be 
taken  when  preparing  the  mixed 
standards  that  the  elements  are 
compatible  and  stable.  Transfer  the 
mixed  standard  solutions  to  a  TFE 
fluorocarbon  bottle  for  storage.  Fresh 
mixed  standards  should  be  prepared 
weekly.  Some  typical  combinations 
follow: 

6.4.1  Mixed  standard  solution  I— 
Iron,  manganese,  cadmium,  lead,  and 
zinc. 

6.4.2  Mixed  standard  solution  II — 
Beryllium,  copper,  strontium,  vanadium, 
and  cobalt. 

6.4.3  Mixed  standard  solution  III— 
Molybdenum,  silica,  lithium,  and 
barium. 

6.4.4  Mixed  standard  solution  IV— 
Calcium,  magnesium,  sodium,  and 
potassium. 

6.4.5  Mixed  standard  solution  V — 
Aluminum,  arsenic,  boron,  chromium, 
nickel,  and  selenium. 

6.4.6  Mixed  standard  solution  Vi — 
Silver. 

6.5  Two  types  of  blanks  are  required 
for  the  analysis.  The  calibration  blank 
(3.12)  is  used  in  establishing  the 
analytical  curve  while  the  reagent  blank 
(3.11)  is  used  to  correct  for  possible 
contamination  resulting  from  varying 
amounts  of  the  acids  used  in  the  sample 
processing. 

6.5.1  The  calibration  blank  is 
prepared  by  diluting  2  ml  of  (1  +  1)  HNOs 
and  2  ml  of  (1  +  1)  HC1  to  100  ml  with 
deionized,  distilled  water.  Prepare  a 
sufficient  quantity  to  be  used  to  flush 
the  system  between  standards  and 
samples. 
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6.5.2  The  reagent  blank  must 
contain  all  the  reagents  and  in  the  same 
volumes  as  used  m  the  processing  of  the 
samples.  The  reagent  blank  must  be 
carried  through  the  complete  procedure 
and  contain  the  same  acid  concentration 
in  the  final  solution  as  the  sample 
solution  used  for  analysis. 

6.6  In  addition  to  the  calibration 
standards,  an  instrument  check 
standard  (3.7)  and  a  reference  standard 
(3.8)  are  also  required  for  the  analyses. 

6.6.1  The  instrument  check  standard 
is  prepared  by  the  analyst  by  combining 
compatible  elements  at  a  concentration 
equivalent  to  the  midpoint  of  their 
respective  calibration  curves.  This 
standard  should  be  included  in  the 
analytical  scheme  with  a  frequency  of 
10%. 

6.6.2  The  reference  standard  should 
be  prepared  according  to  the 
instructions  provided  by  the  supplier. 
Following  initial  verification  of  the 
calibration  standards,  analyze  weekly. 

7.  Sample  handling  and  preservation. 

7.1  For  the  determination  of  trace 
elements,  contamination  and  loss  are  of 
prime  concern.  Dust  in  the  laboratory 
environment,  impurities  in  reagents  and 
impurities  on  laboratory  apparatus 
which  the  sample  contacts  are  all 
sources  of  potential  contamination. 
Sample  containers  can  introduce  either 
positive  or  negative  errors  in  the 
measurement  of  trace  elements  by  (a) 
contributing  contaminants  through 
leaching  or  surface  desorption  and  (b) 
by  depleting  concentrations  through 
adsorption.  Thus  the  collection  and 
treatment  of  the  sample  prior  to  analysis 
requires  particular  attention.  Laboratory 
glassware  including  the  sample  bottle 
(whether  linear  polyethylene, 
polyproplyene  or  TFE-fluorocarbon) 
should  be  thoroughly  washed  with 
detergent  and  tap  water;  rinsed  with 
(1  +  1)  nitric  acid,  tap  water,  (1  +  1) 
hydrochloric  acid,  tap  and  finally 
deionized,  distilled  water  in  that  order. 
(See  Notes  3  and  4). 

Note  3. — Chromic  acid  may  be  useful  to 
remove  organic  deposits  from  glassware: 
however,  the  analyst  should  be  cautioned 
that  the  glassware  must  be  thoroughly  rinsed 
with  water  to  remove  the  last  traces  of 
chromium.  This  is  especially  important  if 
chromium  is  to  be  included  in  the  analytical 
scheme.  A  commercial  product, 
NOCHROMIX,  available  from  Godax 
Laboratories,  6  Varick  St.,  New  York,  NY 
10013,  may  be  used  in  place  of  chromic  acid. 
Chromic  acid  should  not  be  used  with  plastic 
bottles. 

Note  4. — If  it  can  be  documented  through 
an  active  analytical  quality  control  program 
using  spiked  samples  and  reagent  blanks, 
that  certain  steps  in  the  cleaning  procedure 
are  not  required  for  routine  samples,  those 
steps  may  be  eliminated  from  the  procedure. 


7.2  Before  collection  of  the  sample  a 
decision  must  be  made  as  to  the  type  of  i 
data  desired,  that  is  dissolved, 
suspended  or  total,  so  that  the 
appropriate  preservation  and 
pretreatment  steps  may  be 
accomplished.  Filtration,  acid 
preservation,  etc.,  are  to  be  performed  at 
the  time  the  sample  is  collected  or  as 
soon  as  possible  thereafter. 

7.2.1  For  the  determination  of 
dissolved  elements  the  sample  must  be 
filtered  through  a  0.45-p.m  membrane 
filter  as  soon  as  practical  after 
collection.  (Class  or  plastic  filtering 
apparatus  is  recommended  to  avoid 
possible  contamination.)  Use  the  first 
50-100  ml  to  rinse  the  filter  flask. 

Discard  this  portion  and  collect  the 
required  volume  of  filtrate.  Acidify  the 
filtrate  with  (1  +  1)  HNOa  to  a  pH  of  2  or 
less.  Normally,  3  ml  of  (1  +  1)  acid  per 
liter  should  be  sufficient  to  preserve  the 
sample. 

7.2.2  For  the  determination  of 
suspended  elements  a  measured  volume 
of  unpreserved  sample  must  be  filtered 
through  a  0.45-p.m  membrane  filter  as 
soon  as  practical  after  collection.  The 
filter  plus  suspended  material  should  be 
transferred  to  a  suitable  container  for 
storage  and/or  shipment.  No 
preservative  is  required. 

7.2.3  For  the  determinaion  of  total  or 
total  recoverable  elements,  the  sample 
is  acidified  with  5  ml  cone.  HNOs  per 
liter  (pH  2)  as  soon  as  possible, 
preferably  at  the  time  of  collection.  The 
sample  is  not  filtered  before  processing. 

8.  Sample  Preparation.* 

8.1  For  the  determinations  of 
dissolved  elements,  the  filtered, 
preserved  sajnple  may  often  be 
analyzed  as  received.  The  acid  matrix 
and  concentration  of  the  samples  and 
calibration  standards  must  be  the  same. 
If  a  precipitate  formed  upon 
acidification  of  the  sample  or  during 
transit  or  storage,  it  must  be  redissolved 
before  the  analysis  by  adding  additional 
acid  and/or  by  heat  as  described  in  8.3. 

8.2  For  the  determinaton  of 
suspended  elements,  transfer  the 
membrane  filter  containing  the  insoluble 
material  to  a  250-ml  Griffin  beaker  and 
add  3  ml  cone.  HN03.  Cover  the  beaker 
with  a  watch  glass  and  heat  gently.  The 
warm  acid  will  soon  dissolve  the 
membrane.  Increase  the  temperature  of 
the  hot  plate  and  digest  the  material. 
When  the  acid  has  nearly  evaporated, 
cool  the  beaker  and  watch  glass  and 
add  another  3  ml  of  cone.  HN03.  Cover 
and  continue  heating  until  the  digestion 
is  complete,  generally  indicated  by  a 
light  colored  digestate.  Evaporate  to 
near  dryness  (DO  NOT  BAKE),  cool, 
add  2  ml  of  (1  +  1)  HN03  and  2  ml  HC1 

(1  +  1)  per  100  ml  dilution  and  warm  the 


beaker  gently  to  dissolve  any  soluble 
material.  Wash  down  the  watch  glass 
and  beaker  walls  with  deionized 
distilled  water  and  Filter  the  sample  to 
remove  insoluble  material  that  could 
clog  the  nebulizer.  Adjust  the  volume 
based  on  the  expected  concentrations  of 
elements  present.  This  volume  will  vary 
depending  on  the  elements  to  be 
determined.  The  sample  is  now  ready 
for  analysis.  Concentrations  so 
determined  shall  be  reported  as 
"suspended.”  • 

8.3  For  the  determination  of  total 
elements,  choose  a  measured,  volume  of 
the  well  mixed  acid- preserved  sample 
appropriate  for  the  expected  level  of 
elements  and  transfer  to  a  Griffin 
beaker.  (See  Note  5.)  Add  3  ml  of  cone. 
HN03.  Place  the  beaker  on  a  hot  plate 
and  evaporate  to  near  dryness 
cautiously,  making  certain  that  the 
sample  does  not  boil.  (DO  NOT  BAKE.) 
Cool  the  beaker  and  add  another  3  ml 
portion  of  cone.  HN03.  Cover  the  beaker 
with  a  watch  glass  and  return  to  the  hot 
plate.  Increase  the  temperature  of  the 
hot  plate  so  that  a  gentle  reflux  action 
occurs.  Continue  heating,  adding 
additional  acid  as  necessary,  until  the 
digestion  is  complete  (generally 
indicated  when  the  digestate  is  light  in 
color  or  does  not  change  in  appearance 
with  continued  refluxing.)  Again, 
evaporate  to  near  dryness  and  cool  the 
beaker.  Add  2  ml  of  1  +  1  HNOs  and  2  ml 
of  1  +  1  HC1  per  100  ml  of  final  solution 
and  warm  the  beaker  to  dissolve  any 
precipitate  or  residue  resulting  from 
evaporation.  Wash  down  the  beaker 
walls  and  watch  glass  with  deionized 
distilled  water  and  filter  the  sample  to 
remove  insoluble  material  that  could 
clog  the  nebulizer.  Adjust  the  volume 
based  on  the  expected  concentrations  of 
elements  present.  The  sample  is  now 
ready  for  analysis.  Concentrations  so 
determined  shall  be  reported  as  "total." 

Note  5. — If  low  determinations  of  boron  are 
critical,  quartz  glassware  should  be  used. 

8.4  For  the  determination  of  total 
recoverable  elements,  choose  a 
measured  volume  of  a  well  mixed,  acid 
preserved  sample  appropriate  for  the 
expected  level  of  elements  and  transfer 
to  a  Griffin  beaker.  (See  Note  5.)  Add  1 
ml  of  HNO,  (1  +  1)  and  2  ml  of  HC1  (1  +  1) 
to  the  sample  and  heat  on  a  steam  bath 
or  hot  plate  until  the  volume  has  been 
reduced  to  15-20  ml  making  certain  the 
sample  does  not  boil.  After  this 
treatment  the  sample  is  filtered  to 
remove  insoluble  material  that  could 
'clog  the  nebulizer,  and  the  volume 

adjusted  to  100  ml.  The  sample  is  then 
ready  for  analysis.  Concentrations  so 
determined  shall  be  reported  as  "total.” 

9.  Procedure. 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


69563 


9.1  Set  up  instrument  with  proper 
operating  parameters  established  in 
Section  5.2.  Instrument  must  be  allowed 
to  stabilize  for  at  least  30  min  prior  to 
operations. 

9.2  Initiate  appropriaate  operating 
configuration  of  computer. 

9.3  Profile  and  calibrate  instrument 
according  to  instrument  manufacturer's 
recommended  procedures,  using  the 
typical  mixed  calibration  standard 
solutions  described  in  Section  6.4.  Flush 
the  system  with  the  calibration  blank 

(6.5.1)  between  each  standard.  (See  note 
6.)  (The  use  of  the  average  intensity  of 
multiple  exposures  for  both 
standardization  and  sample  analysis 
has  been  found  to  reduce  random  error.) 

NOTE  6. — For  boron  concentrations  greater 
than  500  jzg/1  extended  flush  times  of  1  to  2 
minutes  may  be  required. 

9.4  Before  beginning  the  sample  run, 
reanalyze  the  highest  mixed  calibration 
standard  as  if  it  were  a  sample. 
Concentration  values  obtained  should 
not  deviate  from  the  actual  values  by 
more  than  2  percent  (or  the  established 
control  limits).  If  they  do,  follow  the 
recommendations  of  the  instrument 
manufacturer  to  correct  for  this 
condition. 

9.5  Begin  the  sample  run  flushing  the 
system  with  the  calibration  blank  (6.5.1) 
between  each  sample.  (See  Note  6.) 
Analyze  an  instrument  check  standard 

(6.6.1)  each  10  samples. 

9.6  If  it  has  been  found  that  methods 
of  standard  addition  are  required,  the 
following  procedure  is  recommended. 

9.6.1  llie  standard  addition 
technique  (13.2)  involves  preparing  new 
standards  in  the  sample  matrix  by 
adding  known  amounts  of  standard  to 
one  or  more  aliquots  of  the  processed 
sample  solution.  This  technique 
compensates  for  a  sample  constituent 
that  enhances  or  depresses  the  analyte 
signal  thus  producing  a  different  slope 
from  that  of  the  calibration  standards.  It 
will  not  correct  for  additive  intererence 
which  causes  a  baseline  shift.  The 
simplest  version  of  this  technique  is  the 
single-addition  method.  The  procedure 
is  as  follows.  Two  identical  aliquots  of 
the  sample  solution,  each  of  volume  Vz, 
are  taken.  To  the  first  (labeled  A)  is 
added  a  small  volume  V,  of  a  standared 
analyte  solution  of  concentration  c,..  To 
the  second  (labeled  B)  is  added  the 
same  volume  V,  of  the  solvent.  The 
analytical  signals  of  A  and  B  are 
measured  and  corrected  for  nonanalyte 
signals.  The  unknown  sample 
concentration  cz  is  calculated: 


C  =  SBV,c, 

*  (Sa-Sb)  vz 

where  SA  and  SB  are  the  analytical  signals 
(corrected  for  the  blank)  of  solutions  A 
and  B,  respectively.  V,  and  c,  should  be 
chosen  so  that  SA  is  roughly  twice  SB  on 
the  average.  It  is  best  if  V,  is  made  much 
less  than  Vz,  and  thus  c,  is  much  greater 
than  cz,  to  avoid  excess  dilution  of  the 
sample  matrix.  If  a  separation  or 
concentration  step  is  used,  the  additions 
are  best  made  first  and  carried  through 
the  entire  procedure.  For  the  results  from 
this  technique  to  be  valid,  the  following 
limitations  must  be  taken  into 
consideration: 

1.  The  analytical  curve  must  be  linear. 

2.  The  chemical  form  of  the  analyte  added 
must  respond  the  same  as  the  analyte  in  the 
sample. 

3.  The  interference  effect  must  be  constant 
over  the  working  range  of  concern. 

4.  The  signal  must  be  corrected  for  any 
additive  interference. 

10.  Calculation.  ^ 

10.1  Reagent  blanks  (6.5.2)  should  be 
subtracted  from  all  samples.  This  is 
particularly  important  for  digested 
samples  requiring  large  quantities  of 
acids  to  complete  the  digestion. 

10.2  If  dilutions  were  performed,  the 
appropriate  factor  must  be  applied  to 
sample  values. 

10.3  Results  should  be  reported  to 
the  nearest  p.g/1,  up  to  three  significant 
Figures,  except  calcium,  magnesium, 
sodium,  and  potassium  which  are 
reported  to  the  nearest  0.1  mg/1. 

11.  Quality  Control  (Instrumental). 

11.1  Check  the  instrument 

standardization  by  analyzing 
appropriate  quality  control  check 
standards  as  follow: 


11.1.1  Analyze  the  instrument  check 
standard  (6.6.1)  made  up  of  all  the 
elements  of  interest  at  a  frequency  of 
10%.  This  check  standard  is  used  to 
determine  instrument  drift.  If  agreement 
is  not  within  ±  2%  of  the  expected 
values  or  within  the  established  control 
limits,  the  analysis  is  out  of  control. 

11.1.2  For  the  purpose  of  verifying 
interelement  and/or  background 
correction  factors,  analyze  a  second 
check  standard,  prepared  in  the 
following  manner.  Select  a 
representative  sample  which  contains 
minimal  concentrations  of  the  elements 
of  interest.  Spike  this  sample  with  the 
analytes  of  interest  at  or  near  100  pg/l. 
(For  effluent  samples  of  expected  high 
concentrations,  spike  at  an  appropriate 
level.)  Values  should  fall  within  the 
established  control  levels  of  1.5  times 
the  standard  deviation  of  the  mean 
value  of  the  check  standard.  If  not, 
repeat  the  standardization. 

11.1.3  A  reference  standard  (6.6.2) 
from  an  outside  source,  but  having 
known  concentration  values,  should  be 
analyzed  as  a  blind  sample  on  a  weekly 
frequency.  Values  should  be  within  the 
established  quality  control  limits.  If  not, 
prepare  new  stock  standards. 

12.  Precision  and  Accuracy. 

12.1  In  an  EPA  round  phase  1  study, 
seven  laboratories  applied  the  ICP 
technique  to  acid-distilled  water 
matrices  that  had  been  dosed  with 
various  metal  concentrates.  Table  II  lists 
the  true  value,  the  mean  reported  value 
and  the  mean  %  relative  standard 
deviation. 


Table  II .—ICP  Precision  and  Accuracy  Data 


Sample  No.  1 

Sample  No.  2 

Sample  No.  3 

Element 

True 

value 

pg/i 

Mean 

reported 

value 

pg/l 

Mean 

percent 

RSD 

True 

value 

pg/l 

Mean 

reported 

value 

MO/' 

Mean 

percent 

RSD 

True 

value 

Mfl/I 

Mean 

reported 

value 

MO/' 

Mean 

percent 

RSD 

750 

733 

0.2 

20 

20 

9.8 

180 

176 

5.2 

350 

345 

2.7 

15 

15 

6.7 

100 

99 

3.3 

750 

749 

18 

70 

69 

2.9 

170 

169 

1.1 

As 

200 

208 

7.5 

22 

19 

23 

60 

63 

17 

Cr 

150 

149 

3.8 

10 

10 

18 

50 

50 

3.3 

Cu 

250 

235 

5.1 

11 

11 

40 

70 

67 

7.9 

600 

594 

3.0 

20 

19 

16 

180 

178 

6.0 

700 

696 

5.6 

60 

62 

33 

160 

161 

13 

Cd . 

so 

48 

12 

2.5 

2.9 

16 

14 

13 

16 

500 

512 

10 

20 

20 

4.1 

120 

108 

21 

250 

245 

5.8 

30 

28 

11 

60 

55 

14 

Pb . 

250 

236 

16 

24 

30 

32 

80 

80 

14 

Zn . 

200 

201 

5.6 

16 

19 

45 

80 

82 

9.4 

Se . 

40 

32 

21.9 

6 

8.5 

42 

10 

8.5 

8.3 

_ 

Not  all  elements  were  analyzed  by  all  laboratories. 
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Appendix  V — Biological  Oxygen 
Demand,  Carbonaceous  Method  405.1  (5 
Days.  20’  C) 

Biochemical  Oxygen  Demand— Method 

405.1  (5  Days.  20°  C) 

STORET  No.  00310,  Carbonaceous  80082 

1.  Scope  and  Application. 

1.1  The  biochemical  oxygen  demand 
(BOD)  test  is  used  for  determining  the 
relative  oxygen  requirements  of 
municipal  and  industrial  wastewaters. 
Application  of  the  test  to  organic  waste 
discharges  allows  calculation  of  the 
effect  of  the  discharges  on  the  oxygen 
resources  of  the  receiving  water.  Data 
from  BOD  tests  are  used  for  the 
development  of  engineering  criteria  for 
the  design  of  wastewater  treatment, 
plants. 

1.2  The  BOD  test  is  an  empirical 
bioassay-type  procedure  which 
measures  the  dissolved  oxygen 
consumed  by  microbial  life  while 
assimilating  and  oxidizing  the  organic 
matter  present.  The  standard  test 
conditions  include  dark  incubation  at 
20°  C  for  a  specified  time  period  (often  5 
days).  The  actual  environmental 
conditions  of  temperature,  biological 
population,  water  movement,  sunlight, 
and  oxygen  concentration  cannot  be 
accurately  reproduced  in  the  laboratory. 
Results  obtained  must  take  into  account 
the  above  factors  when  relating  BOD 
results  to  stream  oxygen  demands. 

1.3  To  obtain  values  for  only 
carbonaceous  BOD,  the  procedure  (2.2) 
for  inhibiting  the  nitrogeneous  oxygen 
demand  using  2-chloro- 
6(trichloromethyl)  pyridine  should  be 
used. 

2.  Summary  of  Method. 

2.1  The  sampe  of  waste,  or  an 
appropriate  dilution,  is  incubated  for  5 
days  at  20’  C  in  the  dark.  The  reduction 
in  dissolved  oxygen  concentration 
during  the  incubation  period  yields  a 
measure  of  the  biochemical  oxygen 
demand. 

2.2  Nitrogenous  oxygen  demand  is 
inhibited  by  adding  approximately  10 


mg  of  2-chloro-6(trichloromethyl) 
pyridine  to  each  BOD  bottle  prior  to 
adding  the  sample  (or  diluted  sample) 
for  incubation.  Results  of  samples 
treated  with  inhibitor  are  to  be  reported 
as  Biochemical  Oxygen  Demand, 
Carbonaceous,  Storet  No.  80082. 

3.  Comments. 

3.1  Determination  of  dissolved 
oxygen  in  the  BOD  test  may  be  made  by- 
use  of  either  the  Modified  Winkler  with 
Full-Bottle  Technique  or  the  Probe 
Method  in  this  manual 

3.2  Additional  information  relating 
to  oxygen  demanding  characteristics  of 
wastewaters  can  be  gained  by  applying 
the  Total  Organic  Carbon  and  Chemical 
Oxygen  Demand  tests  (also  found  in  this 
manual). 

3.3  The  use  of  60  ml  incubation 
bottles  in  place  of  the  usual  300  ml 
incubation  bottles,  in  conjunction  with 
the  probe,  is  often  convenient. 

4.  Precision  and  Accuracy. 

4.1  Eighty-six  analysts  in  fifty-eight 
laboratories  analyzed  natural  water 
samples  plus  an  exact  increment  of 
biodegradable  organic  compounds.  At  a 
mean  value  of  2.1  and  175  mg/1  BOD,  the 
standard  deviation  was  ±0.7  and  ±  26 
mg/l,  respectively  (EPA  Method 
Research  Study  3). 

4.2  There  is  no  acceptable  procedure 
for  determining  the  accuracy  of  the  BOD 
test. 

5.  References 

5.1  The  procedure  to  be  used  for  this 
determination  is  found  in:  “Standard 
Methods  for  the  Examination  of  Water 
and  Wastewater,  14th  edition,”  p.  543, 
Method  507  (1975). 

5.2  Young.  J.  C.,  “Chemical  Methods 
for  Nitrification  Control.”  J.  Water  Poll. 
Control  Fed..  45,  p.  637  (1973). 

507  Oxygen  Demand  (Biochemical) 

1.  Discussion 

The  biochemical  oxygen  demand 
(BOD)  determination  is  an  empirical  test 
in  which  standardized  laboratory 
procedures  are  used  to  determine  the 
relative  oxygen  requirements  of 
wastewaters,  effluents,  and  polluted 
waters.  The  test  measures  the  oxygen 
required  for  the  biochemical 
degradation  of  organic  material 
(carbonaceous  demand)  and  the  oxygen 
used  to  oxidize  inorganic  material  such 
as  sulfides  and  ferrous  iron.  It  also  may 
measure  the  oxygen  used  to  oxidize 
reduced  forms  of  nitrogen  (nitrogenous 
demand)  unless  oxidation  of  nitrogenous 
compounds  is  prevented  by  an  inhibitor. 

The  method  consists  of  placing  a 
sample  in  a  full,  air-tight  bottle  and 
incubating  the  bottle  under  specified 
conditions  for  a  specific  time.  Dissolved 


Oxygen  (DO)  is  measured  initially  and 
after  incubation.  The  difference  in  DO  is 
the  oxygen  used  and  from  it  the  BOD 
can  be  computed. 

The  bottle  size,  incubation 
temperature,  and  incubation  period  are 
all  specified.  Because  most  wastewaters 
contain  more  oxygen-demanding 
materials  than  the  quantity  of  DO  in 
oxygen-saturated  water,  it  is  necessary 
to  dilute  the  sample  before  incubation  to 
bring  the  oxygen  required  and  oxygen 
supply  into  appropriate  balance. 

Because  bacterial  growth  requires  such 
nutrients  as  nitrogen  phosphorus,  and 
trace  metals,  these  are  added  to  the 
dilution  water  wtiich  is  buffered  to 
ensure  that  the  pH  of  the  incubated 
bottle  remains  in  a  range  suitable  for 
bacterial  growth.  Complete  stabilization 
of  a  sample  may  require  a  period  of 
incubation  too  long  for  practical 
purposes;  therefore,  the  5-day  period  has 
been  accepted  as  standard. 

Measurements  of  BOD  that  include 
both  carbonaceous  oxygen  demand  and 
nitrogenous  oxygen  demand  generally 
are  not  useful;  therefore,  where 
appropriate,  may  be  an  inhibiting 
chemical  used  to  prevent  nitrogenous 
oxidation.  Carbonaceous  and 
nitrogenous  demands  are  measured 
separately  for  predicting  oxygen 
suppression  in  receiving  streams  and 
oxygen  requirements  for  treatment  plant 
design  and  operation. 

The  inclusion  of  ammonia  in  the 
citation  water  demonstrates  that  there  is 
no  intent  to  include  the  oxygen  demand 
of  reduced  forms  of  nitrogen  in  the  BOD 
test.  If  this  ammonia  were  oxidized, 
errors  would  result  because  the  oxygen 
use  would  not  be  due  exclusively  to 
pollutants  in  the  sample. 

The  extent  of  oxidation  of  nitrogenous 
compounds  during  the  5-day  incubation 
period  depends  on  the  presence  of 
micro-organisms  capable  of  carrying  out 
this  oxidation.  Such  organisms  usually 
are  not  present  in  raw  sewage  or 
primary  effluent  in  sufficient  numbers  to 
oxidize  significant  quantities  of  reduced 
nitrogen  forms  in  the  5-day  BOD  test. 
Currently  any  biological  treatment  plant 
effluents  contain  a  significant 
population  of  nitrifying  organisms. 
Consequently,  oxidation  of  nitrogenous 
compounds  can  occur  within  such 
samples  and  inhibition  of  nitrification  is 
recommended  for  all  samples  of 
secondary  effluent,  for  samples  seeded 
with  secondary  effluent,  and  for  samples 
of  polluted  waters. 

Samples  for  BOD  analysis  may 
undergo  significant  degradation  during 
storage  between  collection  and  analysis. 
This  results  in  a  low  BOD  value. 
Minimize  reduction  of  BOD  by  promptly 
analyzing  the  sample  or  by  cooling  it  to 
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near-freezing  temperature  during 
storage.  However,  even  at  low 
temperature,  holding  time  should  be 
limited  to  a  minimum. 

If  analysis  is  initiated  within  2  hr  of 
collection  sample  cooling  is 
unnecessary.  If  analysis  of  a  grab 
sample  is  not  started  within  2  hr  of 
collection,  keep  sample  at  or  below  4  C 
from  time  of  collection;  if  the  laboratory 
is  on  the  site  or  in  the  vicinity  of  the 
sample  collection  site,  begin  analysis 
within  6  hr  of  collection;  if  the 
laboratory  is  more  remote  begin 
analysis  within  24  hr  of  collection. 

Keep  composite  samples  at  or  below  4 
C  during  compositing  and  any  holding 
period;  limit  the  compositing  period  to 
24  hr;  if  the  laboratory  is  on  site  or 
nearby,  begin  analysis  not  more  than  6 
hr  after  the  end  of  the  compositing 
period;  if  the  laboratory  is  distant,  begin 
incubation  not  more  than  24  hr  after  the 
end  of  the  compositing  period. 

The  method  outlined  here  contains 
both  a  dilution  water  check  (4/1,  and  a 
dilution  water  blank  [4g).  In  the  dilution 
water  check,  the  candidate  dilution 
water  is  lightly  seeded.  An  oxygen  up 
take  in  5  days  of  less  than  0.2  mg/L  is 
acceptable.  If  the  oxygen  depletion  of  a 
candidate  water  exceeds  this  value 
store  the  water  at  room  temperature  (or 
20  C)  until  the  BOD  of  the  dilution  water 
is  reduced  sufficiently.  Optimally,  test 
and  store  dilution  water  so  that  water  of 
assured  quality  always  is  on  hand. 

The  procedure  for  determining 
immediate  oxygen  demand  (IDOD)  has 
been  eliminated  because:  (1)  It  was  not 
clear  whether  IDOD  should  be  reposted 
in  5-day  BOD  data;  (2)  the  measurement 
was  inaccurate  because  of  the  small 
differences  between  initial  DO  and  DO 
after  15  min;  (3)  arbitrary  selection  of  15 
min  for  measuring  IDOD  did  not 
necessarily  include  all  short  term 
oxygen-consuming  chemical  oxidations; 
and  (4)  the  IDOD  is  in  some  cases,  an 
iodine  demand  (during  the  DO 
determination)  rather  than  true  DO 
demand.  The  methods  outlined  here 
require  determining  initial  DO  15  min 
after  making  the  dilution. 

Although  only  the  5-day  BOD  is 
described  here,  many  variations  of 
oxygen  demand  measurements  exist. 
These  include  using  shorter  and  longer 
incubation  periods,  tests  to  determine 
rates  of  oxygen  use,  continuous  oxygen 
measurements  by  respirometric 
technique,  etc. 

2.  Apparatus 

a.  Incubation  bottles,  250  to  300  mL 
capacity,  with  ground-glass  stoppers. 
Clean  bottles  with  a  detergent,  rinse 
thoroughly,  and  drain  before  use.  As  a 
precaution  against  drawing  air  into  the 


dilution  bottle  during  incubation,  use  a 
water  seal.  Obtain  satisfactory  water 
seals  by  inverting  the  bottles  in  a  water 
bath  or  adding  water  to  the  flared  mouth 
of  special  BOD  bottles.  Place  a  paper  or 
plastic  cup  or  foil  cap  over  the  flared 
mouth  of  the  bottle  to  reduce 
evaporation  of  the  water  seal  during 
incubation. 

b.  Air  incubator  or  water  bath, 
thermostatically  controlled  at  20±1  C. 
Exclude  all  light  to  prevent  formation  of 
DO  by  algae  in  the  sample. 

3.  Reagents 

a.  Phosphate  buffer  solution:  Dissolve 

8.5  g  KH2PO«,  21.75  g  K2HPO«,  33.4  g 
Na2HP04  •  7H20,  and  1.7  g  NH«C1  in  about 
500  mL  distilled  water  and  dilute  to  1  L. 
The  pH  should  be  7.2  without  further 
adjustment.  Discard  reagent  (or  any  of 
the  following  reagents)  if  there  is  any 
sign  of  biological  growth  in  the  stock 
bottle. 

b.  Magnesium  sulfate  solution: 

Dissolve  22.5  g  M,SO«  •  7H20  in  distilled 
water  and  dilute  to  1  L. 

c.  Calcium  chloride  solution:  Dissolve 

27.5  g  CaCl2  in  distilled  water  and  dilute 
to  1  L. 

d.  Ferric  chloride  solution:  Dissolve 
0.25  g  FeCL  •  6H20  in  distilled  water  and 
dilute  to  1  L. 

e.  Acid  and  alkali  solutions,  IN:  for 
neutralization  of  caustic  or  acidic  waste 
samples. 

f  Sodium  sulfite  solution,  0.025/V: 
Dissolve  1.575  g  Na2SOs  in  1,000  mL 
distilled  water.  This  solution  is  not 
stable;  prepare  daily. 

g.  Nitrification  inhibitor:  Reagent 
grade  2-chloro-6  (trichloro  methyl) 
pyridine.1 

4.  Procedure 

a.  Preparation  of  dilution  water:  Use 
water  for  diluting  samples  that  meets 
the  dilution  water  check  (4/1  and  the 
glucose-glutamic  acid  check  (4/).  If 
necessary  purify  by  storing  long  enough 
to  degrade  organic  contaminants  or  by 
other  methods.  If  storage  for  biological 
degradation  is  used,  seed  the  water  as 
described  in  the  dilution  water  check 
(4 h)  before  storage.  Store  dilution  water 
in  the  dark  or  cover  it  to  exclude  light  to 
control  algal  growth,  yse  dilution  water 
at  20±1  C.  Protect  water  quality  by 
using  clean  glassware,  tubing,  and 
bottles. 

Before  use,  saturate  the  water  with 
DO  by  shaking  it  in  a  partially-filled 
bottle  or  by  aerating  with  filtered  air. 
Alternatively,  store  in  cotton-plugged 
bottles  long  enough  for  the  water  to 
become  saturated  with  DO. 

Place  the  desired  volume  of  distilled 
water  in  a  suitable  bottle  and  add  1  mL 


1  N-Serve.  Dow  Chemical  Co.  as  equivalent 


each  of  phosphate  buffer,  MgS04,  CaCl2, 
and  FeCL  solutions/L  of  water. 

b.  Seeding:  A  population  of 
microorganisms  capable  of  oxidizing  the 
sample  biodegradable  organic  matter  is 
necessary.  Domestic  wastewater, 
unchlorinated,  or  otherwise- 
undisinfected  effluents  of  biological 
treatment  plants,  and  surface  waters 
contain  satisfactory  microbial 
populations.  When  the  sample  is 
unlikely  to  contain  enough  desired 
micro-organisms,  for  example,  in  some 
untreated  industrial  wastes,  disinfected 
wastes,  high-temperature  wastes,  or 
wastes  with  extreme  pH  values,  add  a 
population  of  appropriate 
microorganisms  to  the  dilution  water. 
This  procedure  is  called  seeding.  The 
preferred  seed  is  effluent  from  a 
biological  treatment  system  processing 
the  waste.  Where  this  is  not  available, 
use  supernatant  from  domestic 
wastewater  after  settling  at  20  C  for  at 
least  1  hr  but  no  longer  than  36  hr. 

Some  samples  may  contain  materials 
not  degraded  at  normal  rates  by  a 
microorganism  in  settled  domestic 
wastewater.  Seed  such  samples  with  an 
adapted  microbial  population  obtained 
from  the  undisinfected  effluent  of  a 
biological  treatment  process  receiving 
the  waste.  In  the  absence  of  such  a 
facility,  obtain  seed  from  the  receiving 
water  below  (preferably  3  to  8  km)  the 
point  of  discharge.  When  such  seed 
sources  also  are  not  available,  develop  a 
seed  in  the  laboratory  by  continuously 
aerating  a  sample  of  settled  domestic 
sewage  and  adding  small  daily 
increments  of  waste.  Optionally  add  soil 
or  activated  sludge  to  obtain  the  initial 
microbial  population.  Determine  the 
existence  of  a  satisfactory  population  by 
testing  the  seed  response  in  BOD  tests 
of  the  sample.  BOD  values  increasing 
with  time  of  adaption  to  a  steady  high 
value  indicate  successful  seed  adaption. 

In  making  tests,  use  enough  seed  to 
assure  satisfactory  numbers  of 
microorganisms  but  not  so  mush  that  the 
oxygen  demand  of  the  seed  itself  is  a 
major  part  of  the  oxygen  used  during 
incubation.  The  oxygen  used  by  the  seed 
should  be  at  least  0.6  mg/L,  but  not  more 
than  1.0  mg/L.  Subtract  the  oxygen  used 
by  the  seed  material  from  the  total 
oxygen  used  to  obtain  the  oxygen  used 
by  the  sample  (see  507.5).  Determine 
oxygen  depletion  of  the  seed  by 
measuring  its  BOD  as  for  any  other 
sample.  This  is  called  the  seed  control. 

The  addition  of  seed  to  dilution  water 
is  described  for  each  of  the  two  dilution 
technics  in  #4 d. 

c.  Pretreatment:  . 

(1)  Samples  containing  caustic 
alkalinity  or  acidity-Neutralize  samples 
to  pH  6.5  to  7.5  with  H2S04  or  NaOH 
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solutions  of  such  strengths  that  the 
quantity  of  reagent  does  not  dilute  the 
sample  by  more  than  0.5%.  The  pH  of 
seeded  dilution  water  should  not  be 
changed  by  preparation  of  the  lowest 
dilution  of  sample. 

(2)  Samples  containing  residual 
chlorine  compounds — If  possible  avoid 
samples  containing  residual  chlorine  by 
sampling  before  chlorination.  If  residual 
chlorine  is  present,  dechlorinate  and 
seed  the  sample  (#4 b).  Do  not  test 
chlorinated/dechlorinated  samples 
without  seeding.  In  some  samples 
chlorine  will  dissipate  within  1  to  2  hr  of 
standing  in  the  light  This  often  occurs 
during  sample  transport  and  handling. 
For  samples  in  which  the  chlorine 
residual  does  not  dissipate  on  standing 
in  a  reasonably  short  time,  destroy  the 
chlorine  residual  by  adding  Na*SOa 
solution.  Determine  required  volume  of 
Na*SOa  solution  on  a  100  to  1,000  mL 
portion  of  neutralized  sample  by  adding 
10  mL  of  1+1  acetic  acid  or  1  +  50 
H2SCL,  10  mL  KI  solution  (10  g/100  mL), 
and  titrating  with  0.0257V  Na2SOa 
solution  to  the  starch — iodide  end  point. 
Add  to  sample  the  volume  of  Na3SOs 
solution  determined  by  the  above  test, 
mix.  and  after  10  to  20  min  check  sample 
for  residual  chlorine. 

(3)  Samples  containing  other  toxic 
substances — Samples  such  as  those 
from  certain  industrial  wastes-for 
example,  toxic  metals  derived  from 
plating  wastes — frequently  require 
special  study  and  treatment. 

(4)  Samples  supersaturated  with  DO- 
Samples  containing  more  than  9  mg  DO/ 
L  at  20  C  may  be  encountered  during 
winter  months  or  where  algae  are 
growing  actively.  To  prevent  loss  of 
oxygen  during  incubation  of  these 
samples,  reduce  DO  to  saturation  by 
bringing  sample  to  about  20  C  in  a  partly 
filled  bottle  and  agitating  it  by  vigorous 
shaking  or  by  aerating  with  compressed 
air. 

(5)  Sample  temperature  adjustment — 
Bring  samples  to  20  ±1  C  before  making 
dilutions. 

(6)  Nitrification  inhibition — To  inhibit 
nitrification  where  sample  or  seed  way 
contain  sufficient  nitrifying  organisms  to 
result  in  significant  oxidation  of  reduced 
nitrogen  forms  and  nitrogenous  BOD  is 
not  desired;  add  10  mg  2-chloro-6 
(trichloro  methyl)  pyridine/L.  Such 
samples  include,  but  are  not  limited  to. 
biologically  treated  effluents,  samples 
seeded  with  biologically  treated 
effluents,  and  river  waters. 

d.  Dilution  technic:  Make  several 
dilutions  of  prepared  sample  to  obtain 
required  DO  depletions.  Dilutions  that 
result  in  a  residual  DO  of  at  least  1  mg/L 
and  a  DO  depletion  of  at  least  2  mg/L 
after  5  days  incubation  produce  the 
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most  reliable  results.  The  sample  oxygen 
demand  governs  dilution  needed. 
Experience  with  a  particular  sample  will 
permit  using  a  smaller  number  of 
dilutions.  A  more  rapid  analysis,  such  as 
COD  may  be  correlated  approximately 
with  BOD  and  serve  to  guide  dilution.  In 
the  absence  of  prior  knowledge,  use  the 
following  dilutions:  0.0  to  1.0%  for  strong 
industrial  wastes,  1  to  5%  for  raw  and 
settled  sewage,  5  to  25%  for  oxidized 
effluent,  and  25  to  100%  for  polluted 
river  waters.  Prepare  dilutions  either  in 
graduated  cylinders  and  then  transfer  to 
BOD  bottles  or  prepare  dirtectly  in  BOD 
bottles.  Either  method  of  preparation 
can  be  combined  with  any  of  the  DO 
measurement  technics.  The  number  of 
bottles  to  be  prepared  depends  on  the 
method  of  determining  DO  and  the 
number  of  replicates  desired. 

(1)  Dilutions  prepared  in  graduated 
cylinders — 

If  the  azide  modification  of  the 
iodometric  method  (titration)  see  section 
(421B)  is  used,  carefully  siphon  dilution 
water,  seeded  if  necessary,  into  a 
graduated  cylinder  of  1,000  to  2,000  mL 
capacity,  filling  the  cylinder  half  full 
without  entrainment  of  air.  Add  quantity 
of  carefully  mixed  sample  to  make 
desired  dilution  and  dilute  to 
appropriate  level  with  dilution  water. 
Mix  well  with  a  plunger-type  mixing  rod, 
avoiding  entrainment  of  air.  Siphon 
mixed  dilution  into  two  BOD  bottles, 
one  for  incubation  and  the  other  for 
determining  initial  DO  in  the  mixture; 
stopper  tightly  and  incubate  for  5  days 
at  20  C. 

If  the  membrane  electrode  method  is 
used,  siphon  dilution  mixture  into  only 
one  BOD  bottle. 

Prepare  succeeding  dilutions  of  lower 
concentration  in  the  same  manner  or 
add  dilution  water  to  unused  portion  of 
preceding  dilution.  If  seeding  is 
necessary,  either  add  seed  directly  to 
dilution  water  or  to  individual  cylinders 
before  dilution.  Seeding  individual 
cylinders  avoids  a  declining  ratio  of 
seed  to  sample  as  increasing  dilutions 
are  made. 

(2)  Dilutions  prepared  directly  in  BOD 
bottles — 

Pipet  required  volume  of  sample, 
using  a  wide-tip  volumetric  pipet,  into 
individual  BOD  bottles  of  known 
capacity.  Fill  bottles  with  enough 
dilution  water,  seeded  if  necessary',  so 
that  insertion  of  stopper  will  displace  all 
air,  leaving  no  bubble.  For  dilutions 
greater  than  1:100  make  a  primary 
dilution  in  a  graduated  cylinder  before 
making  final  dilution  in  the  bottle. 

e.  Determination  of  initial  DO: 
Determine  initial  DO  15  min  after 
preparing  dilution  if  materials  are 
present  in  the  sample  that  react  rapidly 
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with  DO.  If  the  oxygen  used  by  such 
materials  is  insignificant,  the  time 
period  between  preparing  dilution  and 
measuring  initial  DO  is  not  critical. 

Use  the  azide  modification  of  the 
iodometric  method  (see  section  421B)  or 
the  membrane  electrode  method  (see 
section  421F)  to  determine  initial  DO  on 
bottles  containing  all  sample  dilutions, 
dilution  water  blanks,  and  where 
appropriate,  seed  controls. 

For  activated  sludge  samples  use 
either  the  membrane  electrode  method 
or  the  CuS04-sulfamic  acid  modification 
of  the  iodometric  method  (see  section 
421E).  For  muds  use  either  the 
membrane  electrode  method  or  the 
alum-flocculation  modification  of  the 
iodometric  method  (see  section  421D).  If 
the  membrane  electrode  is  used  to 
determine  initial  and  final  DO  values  on 
the  same  bottle,  replace  with  dilution 
water  any  small  volume  of  bottle 
contents  lost  by  overflowing  when 
membrane  electrode  is  inserted. 
Alternatively  add  a  small  marble  or 
glass  beads  to  the  bottle  so  that  water  in 
the  bottle  is  raised  to  such  a  level  that 
the  stopper  can  be  inserted  without 
entrapping  any  air  bubbles. 

/.  Incubation:  Incubate  prepared  BOD 
bottles  of  samples  and  dilution  water  for 
5  days  in  the  dark  at  20  ±  1  C.  Make  a 
water-seal  on  BOD  bottles  by  inverting 
them  in  a  tray  of  water  in  the  incubator 
or  by  using  a  special  water-seal  bottle. 

g.  Dilution  water  blank:  For  each 
batch  of  samples  and  for  each  container 
of  dilution  water  fill  2  BOD  bottles  with 
unseeded  dilution  water.  Use  dilution 
water  which  has  been  found  satisfactory 
by  the  dilution  water  check  (#4/)  and 
the  glucose-glutamic  acid  check  (4/1. 
Stopper  water-seal,  incubate,  and  after  5 
days,  measure  DO  in  one  of  these. 
Determine  DO  before  incubation  in  the 
other  bottle.  Use  these  DO  results  as  a 
rough  check  on  the  quality  of  dilution 
water  and  cleanliness  of  incubation 
bottles.  The  difference  in  DO  should  not 
be  more  than  0.2  mg/L  and  preferably 
not  more  than  0.1  mg/L. 

h.  Determination  of  final  DO:  After 
incubation  determine  DO  in  incubated 
samples  and  blank  as  in  #4e  above. 

i.  Dilution  water  check:  Seed  dilution 
water  with  a  quantity  of  seed  sufficient 
to  cause  an  oxygen  use  of  0.05  to  0.1  mg/ 
L  during  the  5-day  incubation.  If  dilution 
water  has  been  seeded  and  stored  for 
degradation,  omit  seeding  specified 
above  in  any  subsequent  dilution  water 
check.  Fill  two  BOD  bottles,  stoppers, 
water-seal  and  determine  DO 
immediately  in  one  of  these.  Incubate 
the  second  bottle  at  20  C  for  5  days  and 
then  determine  DO.  Use  DO  results  on 
these  two  bottles  as  a  rough  check  on 
quality  of  unseeded  dilution  water  and 
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cleanliness  of  incubation  bottles.  The 
difference  in  DO  should  not  be  more 
than  0.2  mg/L  and  preferably  not  more 
than  0.1  mg/L.  If  more  DO  is  consumed, 
reject  results  obtained  using  this  dilution 
water. 

/.  Glucose-glutomic  acid  check:  The 
BOD  test  is  a  bioassay  procedure; 
consequently,  results  are  influenced 
greatly  by  toxic  substances  or  use  of  a 
poor  seeding  material.  Even  distilled 
waters  frequently  are  contaminated 
with  toxic  substances — most  often 
copper — and  some  sewage  seeds  are 
relatively  inactive.  The  results  obtained 
using  such  waters  are  always  low. 

Check  quality  of  dilution  water 
effectiveness  of  seed,  and  analytical 
technic  periodically  by  using  pure 
organic  compounds.  Alternatively,  if  a 
known  organic  compound  is  a  major 
component  of  a  particular  waste  it  may 
be  used  in  place  of  glucose-glutamic 
acid  for  this  check.  For  general  BOD 
work  on  samples  not  requiring  an 
adapted  seed,  use  a  mixture  of  glucose 
and  glutamic  acid  containing  150  mg  of 
each/L.  Glucose  has  an  exceptionally 
high  and  variable  oxidation  rate  but 
when  used  with  glutamic  acid,  the 
oxidation  rate  is  stabilized  and  is 
similar  to  that  obtained  with  many 
municipal  wastes. 

Prepare  a  solution  containing  150  mg/ 
L  each  of  reagent-grade  glucose  and 
glutamic  acid  that  have  been  dried  at 
103  C  for  1  hr.  Determine  the  BOD  of  this 
mixture  using  a  2%  dilution  in  the 
incubation  bottles  and  seeding 
according  to  #4 b.  Make  a  dilution  water 
check,  #4 i,  and  a  seed  control 
determination,  #4 b.  The  glucose- 
glutamic  acid  solution  is  subject  to 
biological  degradation  and  should  not 
be  stored  more  than  a  few  hr. 

The  precision  and  accuracy  of  the  test 
is  discussed  in  P  6  below.  If  the  BOD 
value  of  the  check  is  outside  the  range  of 
200  ±  37  mg/L,  reject  any  BOD  value 
obtained  using  the  seed  and  dilution 
water  and  seek  cause  of  problem. 


5  Calculation 

j  Difimanns 

O'  *  DO  (ijr  Jilutrl  St triple  If  'tv n  tjte* 
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If  more  than  one  dilution  of  a  sample 
meets  the  criterion  of  a  residual  DO  of 
at  least  2  mg/L  and  there  is  no  evidence 
of  a  toxic  effect  at  the  higher 
concentration  or  an  obvious  anomaly, 
average  results. 

In  these  calculations,  corrections  are 
not  made  for'use  of  DO  in  the  dilution 
water  blank  during  incubation.  If  the 
dilution  water  does  not  meet  the  dilution 
water  blank  criteria,  proper  corrections 
are  difficult  and  results  are 
questionable. 

6.  Precision  and  Accuracy 

In  a  series  of  interlaboratory  studies, 
each  involving  86  to  102  laboratories 
(and  as  many  river  water  and  sewage 
seeds).  5-day  BOD  analyses  were 
performed  on  synthetic  water  samples 
containing  50/50  mixtures  of  glucose 
and  glutamic  acid  in  the  range  of  5  to 
340  mg/L.  The  regression  equations  for 
mean  value  X,  and  standard  deviation, 

S,  from  these  studies  were  as  follows: 

X= 0.665  (added  level,  mg/L)  —0.149 
S=0.120  (added  level,  mg/L)  +  1.04 

At  the  300  mg/L  level  of  the  mixed 
primary  standard,  the  average  5-day 
BOD  was  199.4  mg/L  with  a  standard 
deviation  of  37.0  mg/L2. 


7.  References 

1.  Young,  /.  C.  1979.  Chemical  methods  for 
nitrification  control  J.  Water  Pollute  Control 
Fed.  45:637. 

2.  United  States  Environmental  Protection 
Agency.  Office  of  Research  &  Development, 
Environmental  Monitoring  &  Support 
Laboratory,  Cincinnati.  Ohio. 

In  consideration  of  the  preceding,  it  is 
proposed  to  amend  chapter  I, 

Subchapter  D  of  Title  40,  Code  of 
Federal  Regulations,  as  follows; 

§  136.3  [Amended) 

1.  Table  I  of  §  136.3(a)  is  amended  by: 

(a)  Addition  of  a  new  subsection 
entitled  “Organic  Compounds”  which 
includes  114  specific  organic  parameters 
and  approved  methods  by  which  they 
are  to  be  analyzed, 

(b)  By  redesignating  parameter  #9 
(Benzidine)  and  #95 
(Pentachlorophenol)  as  organic 
compounds  and  including  them  in 
proper  alphabetical  order  within  the 
organic  compound  subsection, 

(c)  By  including  the  pesticides  Aldrin, 
d-BHC,  g-BHC,  Chlordane,  4,4'-DDD, 
4,4'-DDE,  4.4'-DDT.  Dieldrin,  Endosulfan, 
Endrin.  Heptachlor  as  specific  organic 
compounds  and  retaining  all  other 
pesticides  within  the  general  parametric 
designation,  “Pesticides”,  and  revising 
footnote  12, 

(d)  By  addition  of  the  Inductively 
Coupled  Plasma  Optical  Emission 
Spectrometric  Method  (ICP)  as  an 
approved  alternate  tnethod  for  the 
following  metals  Aluminum,  Arsenic, 
Barium.  Beryllium.  Boron,  Cadmium. 
Calcium,  Chromium,  Cobalt,  Copper, 
Iron,  Lead,  Magnesium,  Manganese, 
Molybdenum,  Nickel.  Potassium, 
Selenium,  Silica.  Silver,  Sodium, 
Vanadium  and  Zinc, 

(e)  By  addition  of  a  new  parameter 
entitled  BOD  5  Carbonaceous,  and, 

(f)  By  deleting  footnote  1  due  to  new 
table  II  prescribing  mandatory 
preservation  techniques  and  maximum 
holding  times,  and. 

(g)  By  changing  the  chronological 
numbering  of  parameters  and  footnotes 
to  accommodate  the  new  parameters  to 
read  as  follows: 
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TaM*  t.— List  ot  Approved  Test  Procedures  —Continued 


Reference  (Page  Nos) 

Parameter  and  units 

Method  1974  EPA  Methods 

14th  edition  Part  31  1975  ASTM  USGS  methods  1  Other  approved 
standard  methods  methods 

31  Banum— dissolved,  milligrams  per  Mer. 

method  tor  total  barium. 

. 99 

152 

colorimetric  (Aluminan)  or  by  ICP”. 

177 

34  Boron — total,  milligrams  per  Mer . — 

35.  Boron— dissolved,  milligrams  per  Mer .. 

method  for  total  beryllium. 

13 

287  . . . .  . .  . . . 

......  0.45  micron  filtration  14  followed  by  referenced 

_ 

36  Cadmium— total  milligrams  per  liter............ 

37.  Cadmium — dissolved,  milligrams  per  liter .. 

38  Calcium — total,  milligrams  per  liter _ 

39  Calcium — dissolved,  milligrams  per  liter..... 

40  Chromium  VI,  milligrams  per  liter . . 

41.  Chromium  VI— dissolved,  milligram  per 

Mer. 

42.  Chromium — total,  milligrams  per  liter . . 

43.  Chromium— dissolved,  milligrams  per  liter 

44  Cobalt— total,  milligrams  per  liter . . 

45  Cobalt— dissolved,  milligrams  per  liter . 

46.  Copper— total,  milligrams  per  liter _ ... 

47.  Copper— <*ssotved . — . 

48.  Gold— total,  milligrams  per  liter - - 

49.  Indium— total,  milligrams  per  liter. . . 

50.  Iron — total,  milligrams  per  liter . . 

51  Iron — dissolved,  milligrams  per  liter . . . 

52.  Lead— total,  milligrams  per  liter . . . . 

53  Lead— dissolved,  milligrams  per  liter . 

54  Magnesium— total,  milligrams  per  liter . 

55.  Magnesium-dissolved,  milligrams  per  liter . 
56  Manganese— total,  milligrams  per  liter - 

57.  Manganese— dissolved,  milligrams  per 
Mer. 

58  Mercury— total,  milligrams  per  liter . 

59.  Mercury— dissolved,  milligrams  per  liter — 

60.  Molybdenum— total  milligrams  per  liter..... 

61.  Molybdenum — dissolved,  milligrams  per 
liter. 

62.  Nickel— total  milligrams  per  liter - 

63.  Nickel— dissolved,  milligrams  per  liter - 


64.  Osmium— total  milligrams  per  liter ...» 

65.  Palladium— total,  milligrams  per  liter... 

66.  Platinum — total,  milligrams  per  liter ... 

67.  Potassium— total,  milligrams  per  liter . 


68  Potassium— dissolved,  milligrams  per  Mer. 

69.  Rhodium— total,  milligrams  per  Mer - 

70.  Ruthenium— total,  milligrams  per  liter......... 

71.  Selenium— total,  miligrams  per  Mer - 

72.  Selenium— dissolved,  milligrams  per  Mer... 

73.  Silica— dissolved,  miligrams  per  liter _ 

74  Silver-total  milligrams  pr  Mer _ _ ............ 

75.  Silver-dissolved  *  milligrams  per  liter. _ _ 

76.  Sodium— total,  milligrams  per  liter - 

77.  Sodium— dissolved,  milligrams  per  liter _ 


method  lor  total  boron. 

Digestion  14  followed  by  atomic  absorption  15  or 
by  colorimetric  (Dithizone)  or  by  ICP  ”. 

0.45  micron  filtration  14  followed  by  referenced 
method  for  total  cadmium. 

Digestion  14  followed  by  atomic  absorption;  or 
EDTA  titration  or  by  ICP  ". 

0  45  micron  filtration  14  followed  by  referenced 
method  for  total  calcium. 

Extraction  and  atomic  absorption;  colorimetric 
(Diphenylcarbazide). 

0.45  micron  filtration  14  followed  by  referenced 
method  for  chromium  VI. 

Digestion  14  followed  by  atomic  absorption  15  or 
by  colorimetric  (Diphenylcarbazide)  or  by  ICP  n. 
0.45  micron  filtration  14  followed  by  referenced 
method  for  total  chromium. 

Digestion  14  followed  by  atomic  absorption  15  or 
by  ICP  ". 

0.45  micron  filtration  14  followed  by  referenced 
method  for  total  cobalt 

Digestion  14  followed  by  atomic  aborption  14  or  by 
colorimetric  (Neocuproine)  or  by  ICP 
0.45  micron  filtration  14  followed  by  referenced 
method  for  total  copper. 

Digestion  "  followed  by  atomic  absorption  14 . . 

Digestion  “  followed  by  atomic  absorption  _ 

Digestion  14  followed  by  atomic  aborption  14  or  by 
colorimetric  (Phenanthrolme)  or  by  ICP  ”. 

0.45  micron  Miration14  followed  by  referenced 
method  for  total  iron. 

digestion1'  followed  by  atomic  absorption14  or  by 
colorimetric  (Dithizone)  or  by  ICP”. 

0.45  micron  filtration14  followed  by  referenced 
method  for  total  lead. 

Digestion"  followed  by  atomic  absorption;  or  gra- 
vimetic  or  by  ICP”. 

0.45  micron  filtration 14  followed  by  referenced 
method  for  total  magnesium. 

Digestion"  followed  by  atomic  absorption14  or  by 
colorimetric  (persulfate  or  penodate)  or  by 
ICP”. 

0.45  micron  filtration14  followed  by  referenced 
method  for  total  manganese 

Flameless  atomic  absorption . 

0.45  micron  filtration'4  followed  by  referenced 
method  for  total  mercury. 

Digestion"  followed  by  atomic  absorption 14 or  by 
ICP”. 

0.45  micron  filtration14  followed  by  referenced 
method  for  total  molybdenum. 

Digestion"  followed  by  atomic  absorption14  or  by 
colorimetric  (Heptoxime)  or  by  ICP”. 

0.45  micron  filtration14  followed  by  referenced 
method  for  total  nickel. 

Digestion"  followed  by  atomic  absorption 

Digestion"  followed  by  atomic  absorption14 . 

Digestion"  followed  by  atomic  absorption 14 _ _ 

Digestion 14  followed  by  atomic  absorption,  cokm- 
metric  (Cobaltinitrite).  or  by  flame  photometric 
or  by  ICP”. 

0.45  micron  filtration14  followed  by  referenced 
method  for  total  potassium. 

Digestion  "followed  by  atomic  absroption  _ 

Digestion  "followed  by  atomic  absorption 14 . 

Digestion  "followed  by  atomic  absorption"- 'for  by 
ICP”. 

0.45  micron  filtration  "toUowed  by  reference 
method  for  total  selenium. 

0.45  micron  filtration  "followed  by  colorimetric 
(Molybdo silicate)  or  by  ICP”. 

Digestion  "followed  by  atomic  absorption  14  or  by 
colorimetric  (Dithizone)  or  by  ICP”. 

0.45  micron  filtration  'followed  by  referenced 
method  tor  total  silver. 

Digestion"  followed  by  atomic  absorption  or  by 
Name  photometric  or  by  ICP”. 

0.45  micron  filtration  14  followed  by  referenced 
method  for  total  sodium. 


101 


148 

182 


(619) 1 
(37)' 


103 

_  9. 


148 

189 


89 

105 

192 

76  . 

75 

105 

148 

345 

78 

(619) 4 

192 

286 

77 

107 

148 

345 

80 

(37)  4 

108 

148 

345 

83 

(619) 4 

196 

293 

(37)  4 

110 

148 

345 

102 

*(619) 

208 

326 

112 

148 

345 

105 

>(619) 

215 

114 

148 

345 

109 

4  (61 9) 

221 

116 

148 

345 

111 

»<619> 

225 

227 

118 

156 

338 

10  (51)  . 

— 

139  . 

350 

141 

148  • 

345 

115  . 

232 

143 

235 

403 

134 

*(620) 

274 

146 

487 

396 

139  . 

148  .. 

142 

<*>  3 
33 

147 

250 

403 

143 

(621)* 

69570 
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Table  1  .—List  0/  Approved  Test  Procedures  —Continued 


Reference  (Page  Nos.) 


Parameter  and  units 


76.  Thallium— total,  milligrams  per  liter . — 

79  Thallium— dissolved,  milligrams  per  liter... 

80  Tin— dissolved,  milligrams  per  liter - 

81.  Tin— dissolved,  milligrams  per  liter - 

82.  Titanium— total,  milligrams  per  liter . . 

83.  Titanium— dissolved,  milligrams  per  liter... 

84  Vanadium— dissolved,  milligrams  per  liter . 

85.  Vanadium— dissolved  milligrams  pei  liter  _ 

86.  Zinc— total,  milligrams  per  liter — .... — ..... 

87.  Zince— dissolved,  milligrams  per  liter . . 

88  Nitrate  (as  N).  milligrams  per  liter - 


Digestion  '■ 'followed  by  atomic  absorption  “ - 

0.45  micron  filtration  “  followed  by  referenced 
method  for  total  thallium, 
filtration  “followed  by  atomic  absorption15 
0.45  filtration  "  followed  by  referenced  method 
for  total  tin. 

Digestion  ""followed  by  atomic  absorption  "... 

0.45  filtration  "  followed  by  referenced  method 
for  total  titanium. 

Digestion  “  followed  by  atomic  absorption  ‘br  by 
colorimetric  (Gallic  acid)  or  by  ICP  ". 

0.45  micron  filtration  "  followed  by  referenced 
method  for  total  vanadium. 

Digestion  “  followed  by  atmoic  absorption  11  or  by 
colorimetric  (Dithizone)  or  by  ICP 
0.45  micro  filtration  “  followed  by  referenced 
method  for  total  zinc. 

Cadmium  reduction  brucine  sulfate;  automated 
cadmium  or  hydrazine  reduction  “. 


89  Nitrate  (as  N),  milligrams  per  liter ... 

90  Oil  and  grease,  milligrams  per  liter .. 


Manual  or  automated  colorimetric  (Diazotization).. 
Liquid-liquid  extraction  with 

tnchtorotrifluoroe  thane -gravimetric 

91.  Organic  carton;  total  (TOC),  milligrams  Combustion— infrared  method  * . . 

per  liter. 

92.  Organic  nitrogen  (as  N).  milligrams  per  Kjeldahl  nitrogen  minus  ammonia  nitrogen., 
liter. 


1974  EPA  Methods  14th  edition  Part  31  1975  ASTM 

standard  methods 

USGS  methods  ' 

Other  approved 
methods 

149 

150  . 

’T65) 

i 

'  153 

152 

441 

•W) 

260 

|  155 

148 

345 

159 

*(619) 

|  . 

265 

•(37) 

1  201 

423 

358 

119 

*  (614) 

197 

427 

-(28) 

207 

620 

215 

434  . 

121 

i  229 

515  . 

236 

532 

467 

“(4) 

. . 

175,159 

437  . 

................... 

122 

-'(612.614) 

Organic  compounds 

93.  Acenaphthene,  micrograms  per  liter... _  GC  or  HPLC  method  (610)  “  GC/MS  method  ....._ . 

(625) “. 

94.  Ancenaphthylene  micrograms  per  liter .  GC  or  HPLC  method  (610)  “.  GC/MS  method  . . . . . . 

(625)  “. 

95.  Acrolein,  micrograms  per  liter......................  GC  or  HPLC  method  (603) 31;  GC/MS  method  . . 

(624) 

96.  Acrylonitrile,  micrograms  per  liter........ _ _  GC  or  HPLC  method  (603) ",  GC/MS  method  . . 

(624)  ", 

97.  Aldrin,  micrograms  per  liter _ _ _  GC  or  HPLC  method  (608) ",  GC/MS  method  ........... . .  . . . 

(625)  “. 

98.  Anthracene,  micrograms  per  liter................  GC  or  HPLC  method  (610) ",  GC/MS  method  . . 

(625) ", 

99.  Benzene,  micrograms  per  liter ....................  GC  or  HPLC  method  (602) ",  GC/MS  method  . . . . 

(624)  * 

100.  Benzidine  milligrams  per  liter,  micro-  HPLC  method  (605)  “  Oxidation-colormetric  *,  ............ . . . „  . ... 

grams  per  liter.  GC/MS  method  (625) “. 

101.  Benzo(a)anthracene,  micrograms  per  GC  or  HPLC  method  (610)“,  GC/MS  method  . 

liter.  (625)  “. 

102.  Benzo(a)pyrene,  micrograms  per  liter ......  GC  or  HPLC  method  (610)  “  GC/MS  method  ... . . . 

(625)  “. 

103.  Benzo(b)fluroanthene,  micrograms  per  GC  or  HPLC  method  (610)  “,  GC/MS  method  . . 

liter  (625) 

104.  Benzo(g.h,i)perylene,  micrograms  per  GC  or  HPLC  method  (610)“  GC/MS  method  . . 

liter.  (625)  “. 

105.  Benzo  (k)  fluoranthene,  micrograms  per  GC  or  HPLC  method  (610)“  GC/MS  method,  . . . . 

liter.  (625)“. 

106.  a-BHC,  microgram  per  liter _ ....... _  GC  method  (608)“. . . . . .......  _ _ ... 

107.  b-BHC,  micrograms  per  liter .  GC  method  (608)“,  GC/MS  method  (625)“ . 

108  d-BHC,  microgram  per  liter _ _  GC  method  (608)“  GC/MS  method  (625)“ _ — .  _ ......  ..... _ 

109.  g-BHC;  micrograms  per  liter ........... _ _  GC  method  (608)“,  GC/MS  method  (625)“.™ . . . .  . . . 

110.  Bis(2-chloroethyl)  either,  micrograms  per  GC  method  (611)“  GC/MS  method  (625)“. . . . 

liter. 

111.  Bis(2-chloroethoxy)  methane,  micro-  GC  method  (611)“,  GC/MS  method  (625)“.......™  _ _ _ _ _  _ _ 

grams  per  liter. 

112.  Bis(2-chlorotsopropyl)  ether,  micrograms  GC  method  (611)“  GC/MS  method  (625)“. .  . . . 

per  liter. 

113.  Bis(2-ethythexyf)phthalate,  micrograms  GC  method  (606)“,  GC/MS  method  (625)“. _  _  _ 

per  liter. 

114.  Bromodichloromethane.  micrograms  per  GC  method  (601)“  GC/MS  method  (624)“ _  _ _ ..... _ _ _  _ _ _ 

liter. 

115.  Bromoform,  micrograms  per  liter _ ......  GC  method  (601)“...™ . . . . .  . . . .  ..... _ _ 

116.  Bromomethane.  micrograms  per  liter _  GC  method  (601)“  GC/MS  method  (624)“ _ _ _ 

117.  4-Bromophenylphenyt  ether,  micrograms  GC  method  (611)“  GC/MS  method  (625)“ _ _  _ _ ...... . . 

per  liter,  aerograms  per  liter. 

118.  Burylbenzyul  phthalate.  micrograms  per  GC  method  (606)“  GC/MS  method  (625)“. . . . . . . 

liter. 

119.  Carbon  tetrachloride,  micrograms  per  GC  method  (601)“  GC/MS  method  (624)“....; _ _  _ 

liter 

120.  Chlordane,  micrograms  per  liter _  GC  method  (608)“  GC/MS  method  (625)“ _ _ _  _ 

121.  4-Chloro-3-methylphenol,  micrograms  GC  method  (604)“  GC/MS  method  (625)“ _  _ _ _ 

per  liter. 

122.  Chlorobenzene,  micrograms  per  liter _ GC  methods  (601)”  (602)“,  GC/MS.  method  _  _ 

(624)“. 

123.  Chloroethane,  micrograms  per  liter -  GC  method  (601)“  GC/MS,  method  (624)“...™ _ _ _ 

124.  2-Chloroethyhrinyl  either,  micrograms  GC  method  (601)“  GC/MS,  method  (624)“. _  _ _ _ 

per  liter. 

125.  Chloroform,  micrograms  per  liter -  GC  method  (601)“  GC/MS,  method  (624)26 _  _ _ _ 


Federal  Register  /  Vol.  44,  No.  233  /  Monday,  December  3,  1979  /  Proposed  Rules 


69571 


Table  1. — List  of  Approved  Test  Procedures— Continued 


Parameter  and  units 


Method 


Reference  (Page  Nos.) 


1974  EPA  Methods  14th  edition  Pari  31  1975  ASTM  USGS  methods  '  Other  approved 
standard  methods  methods 


126  Chloromethane.  micrograms  per  liter .  GC  method  (601)“,  GC/MS  method  (624)“ . 

127  Chlorormethane.  micrograms  per  liter .  GC  method  (612)“  GC/MS  method  (625)“ . 

128.  1-Chlorophenol,  microgram  per  liter .  GC  method  (604)  33  GC/MS.  method  (625)“ . 

129.  4-Chlorophenylphenyl  ether,  micrograms  GC  method  (611)  33  GC/MS.  method  (625)  “ . 

per  liter 

130  Chrysene,  micrograms  per  liter . . .  GC  or  HPLC  method  (610)  GC/MS  method 

(625)  “. 


131.  4,4'-DDD.  micrograms  per  liter . 

132.  4.4'-DDE.  micrograms  per  liter _ _ _ ... 

133.  4,4'-DOT,  micrograms  per  liter . 

134  Dibenzo(a.h)  anthracene,  micrograms 

per  liter. 

135.  Dibromochloramethane.  micrograms  per 
liter. 

136.  1.2-Dichlorobenzene,  micrograms  per 
liter. 

137.  1.3-Dichlorobenzene,  micrograms  per 
liter. 

138  2,4-Dichlorobenzene,  micrograms  per 
liter. 

139.  3.3'-Dichlorobenzidine.  micrograms  per 
liter. 

140.  Dichlorodifluoromethane,  micrograms 
per  liter. 

141.  1.1-Dichloroethane.  micrograms  per  liter 

142.  1 ,2-Dichlorethane,  micrograms  per  liter... 

143.  1,2-Dichloromethane.  micrograms  per 
liter. 

144.  trans-1.2  0ichloromethane.  micrograms 
per  liter 

145.  2,4-Dichlorophenol.  micrograms  per  liter. 

146  1.2-Dichlorpropane.  micrograms  per  liter. 

147.  cist,3-Dichloropropene.  micrograms  per 
liter. 

148.  trans-1.3-Dichlorpropene,  micrograms 
per  liter. 

149.  Dieldrin.  micrograms  per  liter . 

150.  Diethyl  phthalate.  micrograms  per  liter  .... 

151.  2.4-Dimethylphenol,  micrograms  per  liter 

152.  Dimethyl  phthalamate.  micrograms  per 
liter. 

153.  Di-n-butyl  phthalate . .'. 

154.  Di-n-octyl  phthalate.  micrograms  per  liter 

155  4.6-Dinitro-2-methylphenol.  micrograms 
per  liter. 

156  2.4-Dinitrophenol,  micrograms  per  liter  ... 

157.  2.4-Dinitrotoluene,  micrograns  per  liter  ... 

158.  2,6-Dinitrotoluene,  micrograms  per  liter  ... 

159.  1.2-Diphenylhydrazine.  micrograms  per 
liter. 

160  Endosulfan  I,  micrograms  per  liter............ 

161.  Endosulfan  II.  micrograms  per  liter . 

162.  Endosolfan  sulfate,  micrograms  per  liter . 

163  Endrin,  micrograms  per  liter _ ...... 

164.  Endrin  aldehyde,  micrograms  per  liter . 

165  Ethylbenzene,  micrograms  per  liter.... . 

166  Fluoranthene,  micrograms  per  liter . . 

167  Fluorene,  micrograms  per  liter...... . 

168  Heptachlor,  micrograms  per  liter . 

169  Heptachlor  epoxide,  m.crograms  per  liter 

170.  Hexachlorobenzene.  micrograms  per 
liter. 

171.  Hexachlorobutadiene.  micrograms  per 
liter. 

172.  Hexachlorocydopentadiene.  micrograms 
per  liter. 

173.  Hexachloroethane.  micrograms  per  liter.. 

174.  Indeno  (a.3.3-od)  pyrene,  micrograms 
per  liter. 

175.  Isophorone.  micrograms  per  liter.............. 

1 76  Methylene  chloride.  Micrograms  per  liter. 

1 77.  Naphthalene,  micrograms  per  liter . 

178.  Nitrobenzene,  micrograms  per  liter . 

179  2-Nitrophenol,  micrograms  per  liter . 

180.  4-Nitrophenol.  micrograms  per  liter . . 

181.  N-Nitroscdimethylamine,  micrograms  per 
liter. 

182.  N-Nitrosodipropyfamine.  micrograms  per 
liter. 

163. N-Nitrosodipheny!amme.  micrograms  per 
liter. 

184.  PCB-1016.  micrograms  per  liter . . 


GC  method  (608)  “  GC/MS  method  (625)  “ . 

GC  method  (608)  “  GC/MS  method  (626)  “ .  _.. 

GC  method  (608)  “  GC/MS  method  (625)  “ . 

GC  or  HPIC  method  (610) »  GC/MS  method 
(625)  “. 

GC  method  (610)  GC/MS  method  (624)  “ . 

GC  metdhods  (601)  ”  (602)  30  (612)  “  GC/MS  ... 
method  (626) 

GC  methods  (601) »  (602)  30  (612)  “  GC/MS  .... 
method  (625)  “. 

GC  methods  (601)  «  (602)  30  (612)  “  GC/MS  .... 
method  (625)  “. 

HPIC  method  (605)  33  GC/MS  method  (625)  .... 

GC  method  (601)  “. _ _ _ 

GC  method  (601  “  GC/MS  method  (624)  “ . 

GC  method  (601)  »,  GC/MS  method  (624)  “ . 

GC  method  (601)  “  GC/MS  method  (624)  “ . 

GC  method  (601) 33  GC/MS  method  (624)  “ . 

GC  method  (604)  33  GC/MS  method  (625)  “ . 

GC  method  (601)  “.  GC/MS  method  (624)  “ . 

GCC  method  (601)  29;  GC/MS  method  (624)  “. . 

GC  method  (601)  “  GC/MS  method  (624)  “ . 

GC  method  (608)  “  GC/MS  method  (625)  “ . 

GCC  method  (606)  33  GC/MS  method  (625)  * . 

GC  method  (604)  33  GC/MS  method  (625)  “ . 

GC  method  (606)  “  GC/MS  method  (625)  “ . 

GC  method  (606)3*  GC/MS  method  (625)“ . 

GC  method  (606)34,  GC/MS  method  (625)“ . 

GC  method  (604) 33  GC/MS  method  (625)“ . 

GC  method  (604) 33  GC/MS  method  (625)“ . 

GC  method  (609)3’;  GC/MS  method  (625)“. . 

GC  method  (609)”;  GC/MS  method  (625)“ . 

GC/MS  method  (625)“ . . . 

GC  method  (608)’*  GC/MS  method  (625)“ . 

GC  method  (608)“  GC/MS  method  (625)“ .  !... 

GC  method  (608)  “  GC/MS  method  (625)  “ . 

GC  method  (608)“.  GC/MS  method  (625)“ . 

GC  method  (608)“.  GC/MS  method  (625)“ .  .... 

GC  method  (602)“  GC/MS  method  (624)“ . 

GC  or  HPLC  method  (610)“  GC/MS  method  .... 
(625)“. 

GC  or  HPLC  method  (610)“  GC/MS  method  ... 
(625)“. 

GC  method  (608) 3*.  GC/MS  method  (625)“ . 

GC  method  (608)“.  GC/MS  method  (625)“ . 

GC  method  (612)“  GC/MS  method  (625)“ . 

Gc  method  (612)“,  GC/MS  method  (625)“. _ _ 

GC  method  (612)“.  GC/MS  method  (625)“ . 

GC  method  (612)“  GC/MS  method  (625)“ . 

GC  or  HPLC  method  (610)“  GC/MS  method  .... 
(625)“. 

GC  method  (609)”;  GC/MS  method  (625)“ . 

GC  method  (601)“  GC/MS  method  (624)“. . 

GC  or  HPLC  method  (610)  “.  GC/MS  method  .... 
(625) 

GC  method  (609) GC/MS  method  (625)  “ . 

GC  method  (604)  “  GC/MS  method  (625)  “ . 

GC  method  (604)  33  GC/MS  method  (625)  “ . 

GC  method  (607)  “  GC/MS  method  (625)  “ . 

GC  method  (607)  »  GC/MS  method  (625)  “ . 

GC  method  (607)  »  GC/MS  method  (625)  “ . 

GC  method  (608)  “  GC/MS  method  (625)  “ . .  .... 
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Fishman.  M.  J.  and  Brown.  Eugene.  "Selected  Methods  of  the  U.S.  Geological  Survey  for  Analysis  of  Wastewaters."  (1976)  open-file  report^6-177. 

'*  Procedures  for  pentachlorophenol,  chlorinated  organic  compounds,  and  pesticides  can  be  obtained  from  the  Environmental  Monitoring  and  Support  Laboratory.  U.S.  Environmental 
Protection  Agency,  Concinnati,  Ohio  45268. 

'*  Color  method  (ADMI  procedure)  available  from  Envimomental  Monitoring  and  Support  Laboratory,  U.S.  Environmental  Protection  Agency.  Cincinnati.  Ohio  45268. 

'»  For  samples  suspected  of  having  thiocyanate  interference,  magnesium  chloride  is  used  as  the  digestion  catalyst.  In  the  approved  test  procedure  for  cyanides,  the  recommended  cata¬ 
lysts  are  replaced  with  20  ml  of  a  solution  of  510  g/l  magnesium  chloride  (MgCI, 

6H>0).  This  substitution 
will  eliminate 

thiocyanate  interference 
for  both  total  cyanide 
amenable  to 
chloorination 

measurements  y 

'*  For  the  determination  of  total  metals  the  sample  is  not  filtered  before  processing.  Because  vigorous  digestion  procedures  may  result  in  a  loss  of  certain  metals  through  precipitation,  a 
less  vigorous  treatment  is  recommended  as  given  on  p.  83  (4.1.4)  of  "Methods  for  Chemical  Analysis  of  Water  and  Wastes”  (1974).  In  those  instances  where  a  more  vigorous  digestion  is  desired 
the  procedure  on  p.  82  (4.1.3)  should  be  followed.  For  the  measurement  of  the  noble  metal  series  (gold,  iridium  osmium,  palladium,  platinum,  rhodium  and  guthenium),  and  aqua  regia  digestion  is 
to  be  substituted  as  follows:  Transfer  a  representative  aliquot  of  the  well-mixed  sample  to  a  Griffin  beaker  and  add  3  ml  of  concentrated  redistilled  HNO,.  Place  the  beaker  on  a  steam  bath  and 
evaporate  to  dryness.  Cool  the  beaker  and  cautiously  add  a  5  ml  portion  of  aqua  regia.  (Aqua  regia  is  prepared  immediately  before  use  by  carefully  adding  3  volumes  of  concentrated  HC1  to  one 
volume  of  concentrated  HNOe.)  Cover  the  beaker  with  a  watch  glass  and  return  to  the  steam  bath.  Continue  heating  the  covered  beaker  for  50  min.  Remove  cover  and  evaporate  to  dryness.  Cool 
and  take  up  the  residue  in  a  small,  quantity  of  1:1  HC1.  Wash  down  the  beaker  walls  and  watch  glass  with  distilled  water  and  filter  the  sample  to  remove  silicates  and  other  insoluble  material  that 
could  clog  the  atomizer.  Adjust  the  volume  to  same  predetermined  value  based  on  the  expected  metal  concentration.  The  sample  is  now  ready  for  analysis. 

11  As  the  various  furnace  devices  (flameless  AA)  are  essentially  atomic  absorption  techniques,  they  are  considered  to  be  approved  test  methods.  Methods  of  standard  addition  are  to  be 
followed  as  noted  in  p.  78  of  “Methods  for  Chemical  Analysis  of  Water  and  Wastes”  1974. 

'*  Dissolved  metals  are  defined  as  those  constituents  which  pass  through  a  0.45  pm  membrane  filter  A  prefiltration  is  permissible  to  free  the  sample  from  larger  suspended  solids.  Filter 
the  sample  as  soon  as  practical  after  collection  using  the  first  50  to  100  ml  to  rinse  the  filter  flask.  (Glass  or  plastic  filtering  apparatus  are  recommended  to  avoid  possible  contamination.)  Discard 
the  portion  used  to  rinse  the  flask  and  collect  the  required  volume  of  filtrate.  Acidify  the  filtrate  with  1:1  redistilled  HNO.  to  a  pH  or  2.  Normally.  3  ml  of  (1:1)  acid  per  liter  should  be  sufficient  to 
preserve  the  samples. 

See  “Atomic  Absorption  Newsletter."  vol.  13,  75  (1974).  Available  from  Perkm-Elmer  Corp.,  Main  Ave.,  Norwalk,  Conn.  06852. 

'*  Method  available  from  Environmental  Monitoring  and  Support  Laboratory,  U.S.  Environmental  Protection  Agency,  Cincinnati,  Ohio  45268. 

'*  Recommended  methods  for  the  analysis  of  silver  in  industrial  wastewaters  at  concentrations  of  1  mg/I  and  above  are  inadequate  where  silver  exists  as  an  inorganic  halide.  Silver  halides 
such  as  the  bromide  and  chloride  are  relatively  insoluble  in  reagents  such  as  nitric  acid  but  are  readily  soluble  in  an  aqueous  buffer  of  sodium  thiosulfate  and  sodium  hydroxide  to  a  pH  of  12. 
Therefore,  for  levels  of  silver  above  1  mg/1  20  ml  of  sample  should  be  diluted  to  100  ml  by  adding  40  each  of  2M  Na,%0,  and  2M  NaOH.  Standards  should  be  prepared  in  the  same  manner.  For 
levels  of  silver  below  I  mg/1  the  recommended  method  is  satisfactory. 

*  An  automated  hydrazine  reduction  method  is  available  from  the  Environmental  Monitoring  and  Support  Laboratory,  U.S.  Environmental  Protection  Agency.  Cincinnati,  Ohio  45268. 

"  A  number  of  such  systems  manufactured  by  various  companies  are  considered  to  be  comparable  in  their  performance.  In  addition,  another  technique,  based  on  combustion-methane 
detection  is  also  acceptable. 

"  Goertitz,  D  ,  Brown,  E ,  "Methods  for  Analysis  or  Organic  Substances  in  Water":  U.S.  Geological  Survey  Techniques  of  Water-Resources  Inb.,  book  5,  A3  (1972). 

”  R.  F.  Addison  and  R.  G.  Ackman,  “Direct  Determination  of  Elemental  Phosphorous  by  Gas-Liquid  Chromotography,"  "Journal  of  Chromatography,"  vol.  47,  No.  3,  pp.  421-426,  1970. 

”  The  method  found  on  p.  75  measures  only  the  dissolved  portion  while  the  method  on  p.  78  measures  only  suspended.  Therefore,  the  2  results  must  be  added  together  to  obtain  "total". 

“  Stevens.  H.  H„  Fick.  J.  F..  and  SmooL  G.  F.,  “Water  Temperature— Influential  Factors,  Field  Measurement  and  Data  Presentation:  U.S.  Geological  Survey  Techniques  of  Water  Re¬ 
sources  Inv.,  book  1  (1975).” 

*  EPA  interim  methods  for  analysis  of  organics  in  municipal  and  industrial  wastewater  by  GC/MS  purge  and  trap  (Method  624  and  methylene  chloride  extraction  (Method  625)  procedures 
are  available  from  the  Environmental  Monitoring  and  Support  Laboratory.  U.S.E.P.A.,  Cincinnati,  Ohio,  45268.  Direct  Aqueous  injection  is  to  be  used  in  these  GC/MS  procedures  for  all  compounds 
that  exceed  1000  micrograms  per  liter  Dichlorodifluoramethane  should  be  analysed  by  the  interim  gas  chromatographic  methoc  601.  For  differentiation  between  isomeric  pairs  anthracene  and 
phenanthrene,  chrysene  and  benzo  (a)  anthracene,  and  benzo  (b)  fluoranthene  and  benzo  (k)  fluoranthene  use  method  610  polynuclear  aromatic  hydrocarbons.  "Interim  Method  for  Benzidine  and 
its  Salts  in  Wastewater"  is  available  from  the  Environmental  Monitoring  and  Support  Laboratory.  U  S.E.P.A.,  Cincinnati,  Ohio,  45268  (EMSL-CI). 

*  The  Inductively  Coupled  Plasma  Optical  Emission  Specometric  Method  (ICP)  is  available  from  the  Environmental  Monitoring  and  Support  Laboratory.  U.SE.P.A.  Cincinnati.  Ohio  45268 
(EMSL-CI). 

**  Method  507  for  Carbonaceous  Biochemical  Oxygen  Demand  (BOD  carbonaceous)  is  available  from  the  Environmental  Monitoring  and  Support  Laboratory.  U.S  E.P.A.  Cincinnati.  Ohio 
45268  (EMSL-CI). 

**  Inert  gas  purge,  followed  by  gas  chromatography  with  halide  specific  detection  (interim  fnethod  601),  available  from  EMSL-CI. 

**  nert  gas  purge  followed  by  gas  chromatography  and  photoionization  detection  (interim  method  602),  available  from  EMSL-CI. 

*'  Inert  gas  purge  followed  by  gas  chromatographic  separation  and  detection  with  flame  ionization  detector  (interim  method  603),  available  from  EMSL-CI. 

’-  Methylene  chloride  extraction,  followed  by  gas  chromatography  with  flame  ionization  or  electron  capture  detection  (Interim  method  604),  available  from  EMSL-CI. 

”  Chloroform  extraction  followed  by  concentration  and  high  performance  liquid  chromatography  (HPLC)  with  electrochemical  detection  (interim  method  604),  available  from  EMSL-CI. 

**  Methylene  chlonde  extraction  followed  by  gas  chromatography  with  flame  ionization  or  electron  capture  detection  followed  by  gas  chromatography  with  nitrogen-phosphorous  or  reduc¬ 
tive  Hall  detectors  (interim  method  607),  available  from  EMSL-CI. 

**  Methylene  chloride  extraction  followed  by  gas  chromatography  with  election  capture  or  halogen  specific  detection  (interim  method  608).  available  from  EMSL-CI. 

”  Methylene  chloride  extraction  followed  by  exchange  to  toluene,  gas  chromotography  with  flame  ionization  detection  (interim  method  609),  available  from  EMSL-CI. 

”  Methylene  chloride  extraction  followed  by  HPLC  with  fluoresence  or  UV  detection;  or  gas  chromatography  (interim  method  610),  available  from  EMSL-CI. 

’»  Methylene  chloride  extraction  followed  by  gas  chromatography  with  halogen-specific  detector  (inerim  method  611),  available  from  EMSL-CI. 

40  Methylene  chloride  extraction  followed  by  concentration,  gas  chromatography  with  electron  capture  detection  (interim  method  612),  available  from  EMSL-CI. 

41  Methylene  chloride  extraction  followed  by  transfer  to  hexane  and  capillary  column  gas  chromatography/mass  spectometry  with  electron  impact  ionization  (intenm  method  613),  available 
from  EMSL-CI. 

‘-Miciobiological  Methods  for  Monitoring  the  Environment  (Decembver  1978)  available  for  the  Environmental  Monitoring  and  Support  Laboratory  U.S.E.P.A.  Cincinnati,  Ohio  45268. 

2.  A  new  §  136.3(d)  is  added  together  techniques,  container  materials,  and  Laboratory  in  Cincinnati,  Ohio  for 

with  a  new  Table  entitled,  "Table  II —  maximum  holding  times  applicable  to  technical  review  and  recommendations 

Containers,  Preservation  and  Holding  samples  taken  from  a  specific  discharge,  for  action  on  the  variance  application. 

Times”,  to  read  as  follows:  Applications  for  variances  may  be  made  Upon  receipt  of  the  recommendations 

by  letters  in  triplicate  to  the'Regional  from  the  Director  of  the  Environmental 
§  136.3  Identification  of  test  procedures.  Administrator  in  the  Region  in  which  the  Monitoring  and  Support  Laboratory,  the 

*  *  *  *  *  *  *  discharge  will  occur.  Sufficient  data  -  Regional  Administrator  may  grant  a 

(d)  Sample  preservation  procedures,  should  be  provided  to  assure  such  variance,  applicable  to  the  specific 

container  materials,  and  maximum  variance  does  not  adversely  affect  the  discharge,  to  the  applicant.  A  decision 

allowable  holding  times  for  parameters  integrity  of  the  sample.  Such  data  will  to  approve  or  deny  a  variance  will  be 

cited  in  Table  I  are  prescribed  in  Table  be  forwarded  by  the  Regional  made  within  90  days  of  receipt  of  the 

II.  Any  person  may  apply  for  a  variance  Administrator  to  the  Director  of  the  application  by  the  regional 

from  the  prescribed  preservation  Environmental  Monitoring  and  Support  Administrator. 
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Table  U.— Containers,  Preservation,  and  Holding  Times 


Measurement* 


Con  tamer* 


Maximum  holding  time1 


Acidity . 

Alkalinity . 

Ammonia.... 

Bacteria 


4-7  Conform,  fecal  and  total _ 

8  Fecal  streptococci - 

9  Biochemical  oxygen  demand- 

10  Biochemical  oxygen  demand 
carbonaceous 

11  Bromide _ 

12  Chemical  oxygen  demand .  P.G 

13  Chloride - 

14  Chlorinated  organic 
compounds. 


P.G . - . 

pn  . 

.  Cool.  4’C . 

.  Cool.  4’C . 

PG  .  . . 

.  Cool,  4’C.,  HiSOi  to  pH  >2 ... 

P.G . 

.  Cool,  4’C.,  0.008%  Na>SiOik. 

P^G . . . 

.  Cool,  4’C.,  0.008%  NatSaOA 

p’g  ...  _ 

_  Cool,  4’C . 

. .  Cool.  4’C _ _ _ 

PR  . 

_  None  required . 

Pft  . 

.  Cool,  4’C.,  HiSO.  „  —>2 . 

PG. 

G,  teflon-lined  cap - 

_ Cool.  4’C.,  0.008%  NaAO,‘. 

28  days 


28  days. 
28  days. 
28  days 


15  Chlorine,  total  residual.. 

16  Color _ 

17-18  Cyanide,  total  and 

amenable  to  chlorination. 

19  Dissolved  oxygen 

Probe  _ 

Winkler  _ _ 

20  Fluoride . 

21  Hardness .. 

22  Hydrogen  ion  (pH) - 

23  and  92  Kjeldahl  and  organic 
nitrogen. 

Metals, 

40-41  Chromium  VI _ _ 

58-59  Mercury _ _ 

24-87  Metals  except  above - 


P.G _ Determined  on-site - 

P.G _ Cool,  4‘C _ 

P.G _  Cool,  4’C _ 

P.G _  NaOH  to  pH>12 . 

0.008%  NaAO,h . 


G  bottle  and  top _ Determine  on  site _ 

G  bottle  and  top _ Fix  on  site _ _ 

P  _ _  None  required . 

P.G _ _  HNOi  to  pH>2 . 

P.G _ _ _ _  Determine  on  site _ _ 

P.G _  Cool,  4*C.,  H,SO.  to  pH >2 . 


P,G _  Cool.  4’C _ 

P.G _  HNO,  to  pH  >2,  0.05% 

Ki’W 

P.G _ HNOj  to  pH  >2 _ 


30  days  (after  extraction). 

2  hours. 

48  hours. 

14  days. 


1  hour. 

8  hours. 
28  days. 

6  months. 

2  hours. 
28  days. 


48  hours 
28  days. 


88  Nitrate . 

P.R  . 

Cool.  4’C _ _ _ 

88(a)1  Nitrate-Nitrite . 

P.G . . . . 

Cool.  4’C.,  F4SO.  to  pH>2 ... 

28  days. 

P.G . . . 

Cool,  4’C . 

90  Oil  and  Grease _ _.. 

Cool,  4’C..  H.SO.  to  pH  >2  ... 

28  days. 

91  Organic  Carbon _ 

P.G - 

Cool,  4’C..  H>SO.  to  pH  >2  ._ 

28  days. 

Organic  compounds  1 

93-206  Extractables  (including 

G,  telfon-lmed  cap _ _.._ 

Cool,  4‘C _ 

7  days  (until  extraction). 

phthalates,  nitrosamrnes 

0.008%  NaAO." . . 

30  days  (after  extraction). 

organochlorine  pesticides. 

PCB's  nitroaromatics, 
isophorone,  polynuclear 
aromatic  hydrocarbons, 
haloethers,  chlorinated 
hydrocarbons  and  TCDO). 

Cod.  4’C . 

7  days  (until  extraction) 

30  days  (after  extraction). 

14  days. 

Purge ables  (halocarbons  and 

G.  teflon-lined  septum . 

HtS04  to  pH>2 _ 

0.008%  Na,&0,h _ 

Cod.  4’C..  0.008%  Na1S,0.h. 

aromatics). 

Purgeables  (acrolein  and 

6,  teflon-lined  septum . 

Cod.  4’C.,  0.008%  NaAO,h. 

3  days. 

acrylonitrite). 

207  Orthophosphate- .  P.G - 

208  Pesticides _ _  G.  teflon-lined  cap _ 

209  Phenols..- - - -  P.G _ 

210  Phosphorus  (elemental) _  G _ _ _ _ _ 

211  Phosphorus,  total _  P.G. 

RADIOLOGICAL 

212-216  Alpha.  Beta  and  radium  P.G. 

217  Residue,  total . .  P.G. 

218  Residue,  filterable _ P.G 

219  Residue  nonfilterable _  P.G. 

220  Residue,  settteabie _ P.G . 

221  Residue,  volatile _  P.G. 

73  Silica _  P _ 

222  Specific  conductance . .  P.G . 


niter  on  site,  cool.  4°C _  48  hours. 

Cool,  4’C _ _ _  7  days  (until  extraction). 

0.008%  NatSiO." _ _  30  days  (after  extraction). 

Cool,  4’C..  H,SO.  to  pH>2 ...  28  days. 

Cool,  4’C _ 48  hours. 

Cool,  4’C.,  HtSOi  to  pH  >2 ...  28  days 

HNOatopH>2 _ 6  months. 

Cool,  4'C ..... _ _  14  days. 

Cool,  4°C .  14  days. 

Cool,  4“C .  7  days 

Cool.  4’C _  7  days. 

Cool,  4*C _ _ _ ...  7  days. 

Cool,  4"C _  28  days. 

Cool.  4’C _  28  days 
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Table  II. — Containers,  Preservation,  and  Holding  Times — Continued 


Measurement*  Container1,  Preservative1  Maximum  holding  time* 


223  Sulfate _ 

224  Sulfide . 

225  Sulfite - 

226  Surfactants... 

227  Temperature 

228  Turbidity . 


*  Parameter  numbers  refer  to  Table  I. 

*  Polyethylene  (P)  or  Glass  (G). 

'  Sample  preservation  should  be  performed  immediately  upon  sample  collection.  For  composite  samples  each  aliquot 
should  be  preserved  at  the  time  of  collection.  When  use  of  an  automatic  sampler  makes  impossible  to  preserve  each  aliquot, 
tnen  samples  may  be  preserved  by  maintaining  at  4’C.  until  compositing  and  sample  splitting  is  completed. 

*  Samples  should  be  analyzed  as  soon  as  possible  after  collection.  The  times  listed  are  the  maximum  times  that  samples 
may  be  held  before  analysis  and  still  considered  valid  Samples  may  be  held  for  longer  periods  only  if  the  permittee,  or  monitor¬ 
ing  laboratory,  has  data  on  file  to  show  that  the  specific  types  of  samples  under  study  are  stable  for  the  longer  time. 

Some  samples  may  not  be  stable  for  the  maximum  time  period  given  in  the  table.  A  permittee,  or  monitoring  laboratory,  is 
obligated  to  hold  the  sample  for  a  shorter  time  if  knowledge  exists  to  show  this  is  necessary  to  maintain  sample  stability 

'  Samples  should  be  filtered  immediately  on-site  before  adding  preservative  for  dissolved  metals. 

'Guidance  applies  to  samples  to  be  analyzed  by  GC.  LC.  or  GC/MS  lor  specific  organic  compounds. 

*  This  parameter  not  listed  in  Table  I. 

"  Should  only  be  used  in  the  presence  of  residual  chlorine 

1  Mot  available  in  Table  I. 
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P,G . . Cool.  4’C _ 28  days. 

P.G .  Cool.  4”C.  zinc  acetate -  28  days. 

P.G . Cod.  4’C _ 48  hours. 

P.G . . Cod.  4’C _ 48  hours. 

P.G .  Determine  on  site _ .............  Immediately. 

P.G . .  Cod.  4*C . 48  hours. 


e- 


